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PEEFAGE. 


The main objee: of this book is the Graphical Treatment 
of the Tariation of Algebraic Funcdons : bat the subject 
is intro-iueed br means of Siadstic-ai Granhs. as these 

»’ A. * 

consdtute the most interesrina- and intelligible application 
of the Graphic ilethoi 

The book contains numerous typical vrorke-i eiampies^ 
with full esplanations, and yrith sguarei paper diagrams 
inserted in the teat. The diagrams are sho^m on tenth- 
inch squares, and the student is trained (i) to tabulate the 
Taiues of the yariables, {iij to adapt his scales oz repre- 
sentation to the req^uireme-uts of these tabolatei values, 
and ;iii) to indicate the scales of representation on the 
diagram itselL 

The book is ^vell supplied -svith examples for praetic-e. 
and numeric-al answers are giv-cu wherever re^^^uirei. 

This book is prirnarilv intended for students preparing 
for London Alatiicuiation Examination. At the same time, 
for the sake of completeness, some matter clearly outside 
the piresent ^fatrieulation Syllabus has . been included ; 
this additional matter is indicated bv asterisks and mav be 
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PREFACE, 


omitted if it is desired to mate the tourse os shoit as 
possible. 

The order of the chapters may in some cases be varied ; 
thus, the early part of Chapter 'VII., on graphing simnl- 
taneous equations, ma3' be tahen after Chapter IV. 

"Ve have to thank Mr. A. G. CrackneU, M.A., for several 
valuable suggestions and for assistance with the proofs. 

C. H. FEENOH. 

G. OSBOEN. 

Novemlffr 1903. 
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CHAPTER L 

PLOTTING STATISTiaS. 

1. VariaWes and Constants. — A quantity 'wWch lias 
not always the same value is called a vaniaWe, e. g. the 
population of London, the lieight of the barometer, the 
amount of light pven hy the moon, are variables. 

A quantity which always has the same value is called a 
constant, e. g. the number of minutes in an hour, the 
length denoted by one inch, the amount of pure gold put 
into a sovereign, are constants. 

2. Connected variables ; Definition of Graph. — ^Two 
variables nmy be so connected that for every value of the 
one there exists some value of the other, c.g. at any 
in.stant of lime a barometer has some particular height. 
The connexion may be .shown by a diagram, which in the 
familiar case of the mercury bai-ometer is given in various 
newspapers, and often exhibited in chemists’ shops. 

In Fig. 1, which is a copy of such a diagram, successive 
equal portions of time (days, here) are represented by equal 
lengths measured along the horizontal line AB ; and the 
amount by which the height of the barometer exceeds 
28 inches, at any instant, is represented by a vertical line 
GEA. 1 
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drawn upwards from the mark -which corresponds to that 
instant. Tlie upper ends of the vertical lines are joined by 
another lino (an irregular one in this case) whicli shows 
how the barometer has varied during the Avhole time. 'J!his 
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last lino (taken in connexion with its 2 ^osition on the dia- 
gram) is called a graph. 

Definition. — A. graph is a line drawn on a diagram so 
as, to exhibit the nature of the relation between two 
coiinecteJ vaiiables. 


3. Examples of Graphs. — Graphs of Statistics. Fig. 2 
shows graphically how the population of London has 
increased ; it is constructed from the subjoined table. 
The figure is drawn on squared jiajter, ruled to tenths 
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180! ’!! '21 '51 ’4! ’SfC’61 ’7! ’81 ’91 1901 
Fi". 2. 


curve of as simple a natiu’e and as free from irregularities 
as possible ; and this curve (the graph) will supply informa- 
tion regarding intermediate points wliich wei'e tiot plotted. 

what was the probable population of London in 
1856 ? The point 0 corresponds to 1856 ; draw the perp. 
CD. It represents, by inspection, 2‘6 millions. 

When was the population about 3-J millions! (Ans. 1874). 
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Tiit'so vii!ne!«, for jwtnt.s jmt jdolUvlj riro ynisl !o hv fonjid !>;,* 

interpolation. 


tK Advantaijes of Grapliical lilcthodn.—Tio n' nn’ 
certain very obvious ndvantv::;!--^ in reconlirij' hfutiiifk-i by 
inc.-ins of ft curve or fiinpli. 

(1) Jt is ?-{j to "lance ftlony the emu-o aJul ju-t' if it 
is regsilnr ; nny piruliarilif * ntv noticeable!. 

{‘Ij It i< c.tpy io find, by 
int<-rjiobition, v.-kliK-s intt-r- 
inc-li.'ite l^otu'ccn tbo'U' already 
jdolte'd. 

(I'v) It i;'' roiTutinie^ 
to fonvuM the prub.ibic trend 
of a euirvi' for ei rliort elrstatiw. 

Sti.-b f.’iaj>b. may 1 k' used 
in Ini'ii'irss to re't.’i’-tt'r tlsc. 
jiff' or fall of {sricc-i, tho cetfit 
of livin': pjr bead, etc. ; atid 
r uiiftinics ns>'ftil informntiojj 
may bi> obtained by jioticing 
how the price! of .*'Otnn {larticnl.ar cnniimi-lify ri'cs or bells 
along with tbnt of s'emo otimr cotmiKMlity. Tiie isjfortii.".^ 
tif,)n is prevf'ntcd in an nttrae'tivc and niaJt.'xg(‘.eblo form, 
.Statistic-: for gi-aphiral j-eprt'scnt.'jlio!i nmy be oiitaiJicd fjTun 
Ijoohfl like liyiUnfyrp Alwuuxc, or froni (lu* nev.Kp-ipcr.-:. 

G. Matliematical Graphs. — Iti some citsos a gneph will 
turn out to bet a straiglit line, or n circle, or some other 
recognizable curve. 

CojisiJur the c.Tsc of evatcr runsiing from a tap; that, in 

1 min., l-ii gallons have nin out; in 2 min,, 8 gallons; in min., t'a 
galloti.'i, anil in •] min., C gallons. Fig. U «.lioiV!4 tin’ plMUal punts, 
from which it is ch-nr that the graj.li will hy a stmiijhl /uso Tlie 
sciik'.s arc J in. for 1 min., in. for 1 gallon. 
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In future figui’es the perpendiculars will not be marked 
by thick lines. 

As Ion" ns the supply coiifinncs, this graph will show how much 
water will have nin oni in ong time — say 7'5 inin. (11 '25 gallons). 

Supjtoso this water runs into a cistern which already contained 2 
gallons ; then if at each of the plotted points we produce the perpen- 
dicular upwards for a length 2, we plot 4 new points, showing the 
amounts of water in the cistoni at the 4 given instants. These points, 
wiien joined by freehand, will show the graph for the water in the 
cistern at any other time •, as before, the graph is a stiuight lino. 

The dots made when points are plotted should be sma/l to show the 
{K>si t ions accurately ; they niaa* be rendered more distinct bj' drawing 
a small circle roumi each. 

Exampi.ks I. 

Drawginplis for the statistics given in questions 1 to 10. 

1. .\p[iroj:imalc yearly consumption of sugar in the United Kingdom, 
in millions of cwts. 


i ‘ I 

Venn 1SS5 18S0 18S7 1SS8188MSD0 

1 i s 1 , ' 

ISOl 

1892 

Ainonitt. 1 22 22 24 , 21 24 | 23 25 j 25 

27 

20 


(T.aho I'n in. to rcjucseiil 1 million ewt.) “ 

JIark points on the liorironlal line for the enri of each year. 

2. Amounts of wheat imported into the United Kingdom in periods 
of .'i years (except the last). 


0 5 'tMrs eliding in 1 1 602 

1867 

1872 j 1877 

lSS2i 18S7 
! 

1892 

! 

1894 1 

1 - 

Millions of cwts. ! 41 ' 

31-0 

i 

42 T ' .54-3 

i 

Cl -2 ; .55-8 

Cl-9 

70T j 

! 

1 


tTakc iV iu. for 1 million, and estimate the decimals by eye.) 

3. Aveiage price of llriti.sb wheat per quarter, in shillings and 
pence. 


Yc.ar. 1 IH'IO ! ISOl 

* * 1 ‘ ( { 

ISM 1 ISICi ; isni ; J.Sa.S ' ISM ! IS'iT ' ISOS , ISM 1900 

i : i i 1 1 i 

1901 

1902 ! 

I’rico. i Sif-2 j 

sa/i i 9 !V.s ! 2 :,/r, ! ® 2 j/io| 2 s/s ' an/i ; ao/o ; 2c/4 

i ; 1 ! i ) ; 1 

27/1 

2S/4 


* If millimetre paper is used, 2 (or 3) min. might he taken instead 
of j’r, in. 
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4. Population of England and 'Wales in millions at the cud of cacli 
}’caT. 


n 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 




Population* 

29-0 

29-4 

29-7 

30*1 



31-1 

31 -4 

31-7 

32-3 

32-5 


Find the popiilation in June 1805 and 1899^ and Maveli 1902. 

5. Total yearly number of emigrants (including forcigncr.s) from the 
United Kingdom, in tliousnnds, from 1892 to 1901 inclusivo — 821, 
308, 227, 272, 242, 213, 205, 241, 299, 303. 

(Take 1 in. to i-epresent 100,000 emigrants.) 

6. The same as question 5, but referring only to emigrants of British 
origin— 210, 209, 15G, 185, 102, 146, 141, 140, 109, 172. 

(Trace this graph on the same paper as question 5.) 

7. Enrolled strength of '\''oluntcer.si in thousands, from 1890 to 
1901 inclusive— 221, 222, 225, 228, 231, 232, 236, 232, 231, 230, 278, 
288. [Note any pceuUarity in this graph, and assign a reason.] 

8. The yearly imports of frozen beef, in millions of cwts., from 1892 
to 1901 inclusive— 2-08, 1-80, 2-10, 2-19, 2-06, -S-Ol, 3-10, 3'80, 4'13, 
4 '51. [Forecast the amount for 1902.] 

9. The table shows the distances of certain railway stations from 
the terminus, and the times of departure of a train starting at 0.15. 


Distance in 
miles. 

0 


111 

175 

21 

245 

28 

Time. 
(Ill's, min.) 

6.15 

G.28 

6.39 

6.51 

6.59 

7.8 

7.17 


(IfcasuTC times along OX. Scales, In. for 2 min., and for 1 mile.) 
At which part of the journey is the greatest speed attained 1 

10, This is a similar es.ami>le to No. 9 ; train starting at 5.25. 


Time 

of departure. 

5.25 

1 

5.27 

5.30 

5.32 

5.35 

5.42 

5.44 

5.48 

5.51 

5.67 

Distance in 
miles. 

0 

1 

li 

15 

2i 

1 

i 

4 j 

4-5 

r>l 


n 


(Allow 15 secs, atop before each dep.arlure.) 

At which part of the journey is the greatest speed attained ? 
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11. M'.ntrT nun into ft ci-itcni, nml tli.- jmnitmr of gallons tu the 
oistctn !'< iioti'-'l si r.intnt^ tiii!**-* nft*-r it sinrii;. 


I 


Minnie 






l-n 


10 



How iniicl! ws'; in tho e!!t,ie-ni at fiiTit ? 

It.’. V/.s'.i-i' in inniiing into .a rioti’ni, .ami tltirtng put of tho limo 
of it (Initi j) ufT .a! .a tinif-irin mte hy .a tap. The table gives 
t!i.' .anioant'- iti the d*-;rni .afte.'- it Ii.t. U-on rntiniiig in for v.arious 
ininilv Ti o.f'.ninul't. 


r 

‘ MjrinU*<. I 

” "l 

r. ■-'! ' •" 

1 

' '5i 

* 

; *'l 

} 

j (i.allnt(». •• .’i 

7 : 10 It! 

1! 

1 

ir, 

1 

^ 10 
» 


Ilotv tntscli v.a'.tr is Jiawti from the dstern (luring this linu’, end at ’ 
what r.itc 1 



CHAPTER II 


ALGEBEAICAL GRAPHS. 

7. Graphs of Algebraic Ftmctions.— Any expression 
containing a variable, .'c, and one or more constants, is 

called a function of x. 
"Wbatever the function 
is, it may be denoted 
by a single letter, say y. 

When the value of 
a* is changed, the value 
of y will also change. 
The connexion between 
y and x may be sho^vn 
by a graph, any point 
of wliich is plotted by 
measuring the value of 
X .along a hoi'izontal 
line, and at the end 
of it drawing a line 
vertically upivards to 
represent the value 
of y. 

In Fig. 4, OX is the 
given horizontal line, 
drawn always towards 
•4 -5 -2 -1 O 1 2 5 the right from 0 which 

Values of X is the starting-point or 

Fig. 4. origin. 

8. Ex. 1. — Suppose we require 
the graph of the function 2x (so 
that in this case y — lx). We 
choose simple values for x, such 
as 1, 2, . . ., and plot the cor- 
responding points. We have 
taken ^ in. to represent 1. 


When X is 

0 

1 

2 

3 

J/is 

0 

2 

4 

6 
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These vnlncs of x ami ;i givo the points 0, A, B, _C in tho 
ftccoinpnnying fipnro. We can alroadj- see what kind of line would 
join all these points ; it shows part 
of tho graph of 2r. It is also possildc 
to consider values of a-; it is 
ohvions by Aigebra that these would 
bo measured in the reverse direction 
OX". 

The values of i/arc now all ncjo/irc, 
and arc represented by drawing them 
in tho rovoi-se direction to the |>osi- 

tivo ones, vi?,. Irhtr XX' instead of of»n-c it. Sec again Fig. -1. 


When X is 

' 1 

-1 -2 -3 

- ! 

! V 

-2' -4 -6 


Ex. 2. — .As another example, consider the grajdi of 2j: -i- 3 ; we will 
plot the iioints corrcsjwnding lo * = - 3, - 2, - 1, 0, 1, 2, as shown 
in the table. 



i -3i -2 

> ! 


0 

J 

1 i 

2 ! 

1 '' 

1 

I -oi -1 i 

I 1 

,! 

3 

H 

7 ■ 

i 


(I in. represents 1.) 


Tin's turns out to be a straight 
line, and it illnstrate.s whnt ha.s just 
Itecn said about negative values of j/. 

Ex. 3. — Using the graph of Ex. 2, 
find the values of rj when x = - A, 
A, 1 Ti, I'S; verify them from the 
cipiation. Mark tho values of x on 
the horizontal line, .and dr.aw a pern, 
from each mark to meet tho gmph. 
We find by me.asurcment that the 
lengths of the perps. arc 2, •!, G, and 
C'G rc.s])cctively. 

Ex. 4. — Consider now the graph 
of ar, for which the cqualion will 
Ik! y =a~ (a very important case). 
A\'e will plot the portion of this 
which extends from x — — S to x = 



When a; = -3, -2, -1, 0, I, 2, 3 ; 
2/ = D, 4, 1, 0, 1, 4, D. 
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■\Ve can now sco wliat kind of curve (the thick line in Fi". 6) would 
join all these points ; it shows us part of the graph of x". The sha 2 )c of 
tliis curve should be carefully noticed ; the origin divides it into two 
equal portions ; also the value of y is never negative. 



Fig. C. 


A graph of the same shape is shown on a larger scale in Fig. 13. 
The student is strongly advised to draw this graph for himself on a 
large scale, taking five divisions to represent 1 for both x and y. 

Alteration of Scale. — The dotted line in Fig. G shows how the above 
graph changes when the size of the scale for x is doubled, while that 
for y is loft unaltered. The grajih has the same general character as 
before, but the plotted points are si)rcad further apart. 

Hx. 6 . — Graph of (x - 1) (.x - 2) (x - 3). 

Let 7/ = (x - l)(x - 2) (.X - 3), and form a table for fairly small 
values of x and y ; thus 


X 


fl 

li 

2 

2i 

3 

3A 

4 

y 


0 

S 

0 

-g 


n 

6 


( in. rc 2 )rcsenls 1.) 


It is clear from the equation that y cannot be 0 unless one of its 
three factors x - 1, .x - 2, or x - 3, is 0 ; this only liapnens wlicn 
.x=l, 2, or3. 

Fig. 7 shows the graph obtained by idotting tliese points, usinf a 
scale of 4 divisions to unity for the values of both x and y, ° 










incoiivcuiont) ; but llie corrcspyrnling value of y iloponda 
on tlic value chonon for a; hence a; is (uvlled tlio indc- 
pcndait vnrifthlft, and y ia the dcpciidait vai-iuhle. 

10. Co-ordinates. — In Iho nceoinpanying figure (Fig. B), 
lot P bo .any ]X)int from which a lino PiM is drawn ))erpcn- 
dicular to OX. Kemombering the moLhod given for plotting 
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points, it will obviously bo a convenience to have names 
for the lines OM and MP, in connexion with the point P. 


0 


P 


M 


Tm. 8 . 


OIM is called the abscissa 
of P, 

]\IP is called the ordinate 
of Pj 

~X taken together, they are called 
the co-ordinates of P. 


It is often convenient to draw tlirough the origin 0 a 
lino OY, perpendicular to OX, and then PX may be din.wn 

from P perpendicular to OY 
(Fig. 9). Since PN = OM, 
w’e may take PN as the 
abscissa'of P ; the co-ordin- 
ates of P are then PX and 
PJr. Again, since PJI = 
OX, wo may take OX as 
the ordinate of P, keeping 
OM for its abscissa; in 
this case P could be plotted 
by mai’king M and X, and 
then completing the parallologi’am OP. 

Sometimes OM is called the rc-ordinate, or simply the a;, 
of P ; and then PM is called the 7/-ordinate, or the y, of 
P. The lines OX, OY, are called the axes of co-ordi- 
nates. Let a and h be given lengths ; then the point for 
which OM = a and IMP — his, called the point (a, b). 

Ex. 1.— Plot the x'oints (1, 2), (2, 5), (0, - 1), (- 1, - 4), (J, 0). 
(If correctly plotted, they will all bo in a straight lino.) 

Ex. 2. —Plot the points (5, 5), ( - G, - 8), ( - 7, 4), (6, - 7). (They 
foiTO a square.) 

Ex. 3. — Plot the points (.5, 0), (4, 3), (3, 4), (0, 5), ( - 3, 4), 

{ - 4, - 3), (3, - 4). (They lie on a circle with its centre at the 
origin. ) 

Wo may remark that it is not always neces?!iry to inolude the jioint 
(0, 0) in the figure. E. g. if in Ex. 3 we add 1000 to each number, 
the points to be plotted are (1005, 1000), (1004, 1003), (1003, 1004), 
(1000, 1005), etc. We cannot easily plot these to scale, but we can 
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Pig. 9. 



tv »y :•]'■• 0 ttu* {s-'iist 

hofft li'H' 05 ,Rml xUx OX.<fY r,?r jVj-'iv t>''’ 

3t,H •a-.a'.i'-'-tvr*. u» fi;.'. h tt-v i” »Kt't v.f tSiv lan«K-!.-r 

!>i no: #!u'.v.'r) on tt.e .cranh.) 


1 1 . Straight I»iiic Grarhs. 

(!) 6‘nsj/i m'y v.t»)!iv«i ji! n ro!!‘:tn!tt. Wt' ui’il 
thnl (t j-i ivo. Fic. 

On OX tftkf OM 1, tuni tii-,v.tir<* 't i’ - «, jw>t|»'iiifl!fnlrir 
f« OX. .l. iu tip nr.t! |.n*whto.* is. hs t>X {nk*‘ nny 
X, ntsti dr.-xvs' XO pvi p'Uitsoulnr in OX, im-ftisig OP jjj Q. 



Tli*ni tiv nijuitfir tsi- 

QX PM a 

OX ■’ O.M " 1’ 

QX '■ rr. OX /».r ; 


ruiyli'^ 


. ‘ . 0 i-'? n {K'inf on the 
giiiph of o.r. Siinil.'irly 
cvvry jwint otj OP (pi-.)- 
<hiooii ijolcfinitoly IkuIi 
nay.-i) i.*c on dm nf 

o.r, njni no at*!' 

cm siio (aK }-lio\vtj 

onhily !)y mftr/'.'io ttt! 


(2) (imjJt of ar J- //. — lI< ro /» is n roijHinnt. lus vvoll ns it. 
'I'lif "nipli js forsrml from tiic grnjils of <i.r, l»y prothicing 
tbf* oixiinato'c Ml’, X<j*, oU*., to P‘. Qk milking; Pl^'r 
QQ := elo. :-r h. (If h is Jir'/otor, PP', ot<*.,{iro inc:t.suml 
dntnmortlfi from P. Q, rlc.) 

Toon P'M - PM + 6, anti Q'X QX -i-h, 

Honco P'M r.',! . OM + />, 
ami Q'X ■--« , OX +?o 

Tlitn-eforo at F and at Py the oi disiato o.r -f. h. 

'1 hus P , Q', anti in fact nU points on Uio line P'Q‘, me on 
the {tntpli of (i.i: + !>, mal tltay ai'o the oid'j twints on tho 
grapli. 
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We can, as usual, take y to represent the function we are 
dealing with (in this case ax + b), so that we may write 

y = ax I, 

and we have just seen that the (unlimited) line P'Q' con- 
tains all the points whose y and x satisfy this equation. 
Hence the line is often called the graph of the eqiiuiion 
y = ax + h, instead of the graph of the function ax + b. 

12. If we take any equation of the first degi-ee in x and y, 
we can reduce it to the form y = iva: -j- b. E. g. the equation 
Zx + 4y - 3 = 0 can he reduced to the form y= — ix + ■§. 

It follows that every such equation expresses y as a 
function of x, and that the grayili of that function is a 
slraigJit line. This may be expressed briefly by saying 
that every equation of Hie first degree in x and y 
represents a straight line. 

This .statement is still correct, even if we are not using the same 
.scale of representation for vertical quantities, as for horizontal. The 
stiulcnt should prove this for himself. 

If the equation does not contain 
y, then it cannot be reduced to 
the above form ; a: — 2 is such 
an equation. The corresponding 
graph is found by plotting points 
for which the abscissa OM is 2, 
the ordinate having any value 
whatever, e.g. PM or QM (as in 
Fig. 11). Thus the graph is still 
a straight line, QPM, and it is 
parallel to the axis of y. 

Hote carefully that the equa- 
tion a; = 2 does not represent 
only one paint, but a straight 
line of unlimited length (QPM), the ab.scissa of every point 
on this line being 2. 

Any line perpendicular to the axis of x, like QPM, is 
exceptional, and is not likely to occur as a graph, because 
it does not allow different values to be taken for x (the 
independent variable). 



0 M X 

Fig. 11. 
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On the other hnnd, a line parallel to the axis of x may 
easily occur as a graph ; e. g. if a man 30 years old is 6 feet 
high', he will probably be still the same height at 40 ; the 
gi-aph showing tlio connexion between his age and his 
height, taking values of x from 30 to 40, will be a hori- 
zontal straight line. This example shows ilic graph of a 
constant. “ The graph of 6 ” means the graph of something 
which always has the value 6 whatever the value of x may 
be. The corresponding equation Avould be jr = 6 (not x = 6). 

■^13. Equations representixg two straight lines. — If 
an equation of the second degree in x and y can be reduced 
to the form — 

{ax + hy + c) {a'x -i- b'y + c) — 0 . . . . (i) 

{i. e. if the product of two linear factors is equal to zero), 
then it represents the pair of straight lines whose sepai’ate 
equations are 

ax -P -P c = 0) 

a'x + b'y + c' = Oj ' ' ' ’ ^ 

For if X, y aie the co-ordinates of any point which satisfies 
either of the equations in (ii), they will cause the left .side of 

(i) to become 0, i. e. they will satisfy (i). But if the co- 
ordinates of the point {x, y) do not satisfy cither of the 
equations in (ii), then if these values of x, y are substituted 
in the left side of equation (i) it will be tlie pz’oduct of two 
faetors neither of tvliich is 0, and . • . their product could not 
be 0. Hence no point which is not on ono of the lines in 

(ii) can satisfy (i). 

Ex. —Show that the equation 

2x“ -}- t)Xij+ Zif-hx-^y -f 2 = 0 
represents a pair of straight lines, and dr.aw the graph. 

(Method : begin by i)utting the terms of 2nd degree into factore ; 
then the complete factors, if there arc any, will be obvious.) We 
have 2.^- -t- lixy+ Zy- = {2x -)- Zy) (x + y) ; . • . by inspection of the 
lemaining terms in the given equation, the factora arc 2x -{- 3?/-l and 
X y -2 and the equations of the pair of lines are 

2« -)- 8i/ -1 = 0, a: -f j/ - 2 = 0. (See Fig. 12.) 
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Note the easiest nietliod for plotting the lino represented by any 
equation of tlio fust degree : — 

Take tlie first of tliese equa- 
tions, viz. 2a: -t 3i/ - 1 = 0. 
If a; = 0, 2/ = i ; if y = 0, 
= A ; thus we have two jioints 
whose co-ordinates .satisfy the 
equation, viz. (0, i) and (A, 0). 
Now plot tlieso points; the 
first obviously lies on OY and 
the second on OX. The straiglit 
line joining those points will 
be the requited graph. 

Similarly we can find the 
two points in ■which the lino 
rojircsentcd by x -i- y ~ 2 = 0 
cuts the axes, viz. (0, 2) and 
(2,0). (See Fig. 12.) 

14. To find tlie 
equation to the 

straight line through 
two given points. 
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Values of x 
Fig. 12. 


Kv, 1. — Find the equation 

to the straight lino through the points (2, 4) and (3, - 1). 

Let 2 / = na; -t- ii be the required equation, where a and h are unknown 
constants. Since the point (2, 4) lies on the line, these values of the 
co-ordinates must satisfy the equation. 

Thus 4 = 2« -f S . . (i). 

Similarly, since (3, - 1) lies on the line, 

- 1 = 3a -p & . . . (ii). 

Solving (i) and (ii) as simultaneous equations wo find a = - 5, 
b = 14. Hence the required equation is y = - 5,-e -t- 14, or 

5a: -f 2 / = 14. 

This method should not be used when the required lino is parallel 
to one of the axes, a question Avhicli is decided by inspection of the 
co-ordinates. 

Ex. 2.— Find the equation to the straight line joining (2, 4) and 

( 2 , - 1 ). 

Since x has the same value for two_ points on this line, the line is 
parallel to the axis of y, and its equation is x = 2. (See § 12.) 

15. On the choice of a scale of representation. — 
As we have already mentioned, this question is of great 
importance. The scales used along OX and OY need not 
he the same, and in each case the scale will depend on the 
magnitude of the values to he plotted. 


algebraical graphs 17 

JEx. 1. — ^Draw the graph represented b)' the equation 
y — TTj’inr (* — 20) {x — 30) 

behvccii the values a: = 0 and x = 50, and use it to determine the 
values of x which make y equal to "S and '1 respectively. 

We obtain the following table for Fig. 13. 


X I 0 


15 1 20 25 30 35 40 ! 45 50 









To obtain a good figure let ns take one division of the paper to 
represent 2 in the values of x, and one division to represent ’02 in the 
values of y. We thus obtain the accompanying graph. 

.. IVi I I M I I I t t I I I I I I I I I I I M I I 1 
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Tho value of ij is '3 at citlior of the points P and Q on the graph. 
The values of .r at these points are about 7 and 43 respeelively. 

Similarly the points E and S show that y has the value T when m is 
either 14 or 36. 

Ex. 2. — Eepresont graphically the relation between the number of 
acres in a square field ancl tho number of yards in its side, if the field 
Is not larger than 70 acres. Use your gr.aph to determine the length 
of the side when the area is (i) 20 acres, (ii) 40 acres, (iii) CO acres. 

It is easier to assume tho length of the side and calculate the area 
than vice vcjsd. Let x represent the side of tho field in yards, and y 
represent the corresponding area of the field in acres. 

By a rough c.alculation wo easily sec that for the area to be 70 acres 
the length of tho side must be a little under 600 3 'ard 8 . Tims wo must 
plot for values of x from 0 to COO. 

If the length of the side is x yards, tho area of tho field is aP square 
yards, or -L— acres. Thus y = — — 

^Vo now constinct our table. 


X 

0 

60 

1 

100 

160 

200 

250 

300 

400 

500 

COO 

y 

0 

i 





m 




74-4 



. Fig. 14. 
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Tnlaiif: fcalc-'; of 20 ynni*. to J divlvioJi for j- aii'l 4 ftfi,**. Ui 1 tlivi«ion 
for f, n(ul j'lotlinp vahu's ns amiratrly as wo van, wo oli'ain llio 
aoccmijianyino gtajili. 

The iH'iiils 1’, (J, 11 lorrisiKiH'l to nr.-as tJi), 40, CO acres vo- 
fj'cotivoiy. Tlir’-o j'.oints i^ivc th<' loii,:^!h of the si<l'- ai itiO, 140, r>10 
yasiH to'.iicclivciy. (Tlic notnal vnluos arc tiH, ilO, fClO risjifctivcly 
torrorl to till; i'.carc->l yau!.) 

*16. Approxiiiinto JIatlicmatical Grtaplis.— If a 
nainlipv af poitU.*;, rvltcn ji!olt«l, .'ippiMr to lio ripproxiiimtoly 
oil s-oino mnih^.r.Ktdcitf tjrttph, it is of iinport.'HU'O to bo iiblo 
to ilniw (ho Fiinplc.st gmpli tlmt ngivC-'i woll with all tho 
poinl.'i, and to find its Cfjnatioii. 

/>, T. — In Fif,'. there arii S' p.inls plnif-'l in the spne*' XOV, 
mill they nro rotiplily in n sli'aiiiht line. Tli'' s'.niijfaS line Al> is dniwn 
I'll Irini fo M to lie ainoii^ llicin ns •-•vciily as pw'ililv, incelin); tho 
flscs in A P.ml 1>. (Tiiis is inoit easily 11*0110 l>y slrotching n hhirk 








20 


ALGEBRAICAL GRAPHS 


Ex. _2.— ShoAv tliat tho points (0, 0), (3, 2-5), (4, 4), (g-5, 7) lie 
approximately on a grapli wiiose equation is of the form y = ax", and 
find a good value for a. 

In Fig. 16 flic 4 points are plotted (vjr in. = 1). Now the hivd of 
curve that must be dr.awn is obvious from § 8, Ex. 4 ; (for yja = x" can 
be derived from y = a? by clianging the scale for y). By drawing it 
exactly through the point (4, 4) we get 4 = « x 4", a = and the 
graph diawn is y = ^x". By putting a: = 3 or 5 '5 in this equation wo 
find that the other given points are close to the graph and on opposite 
sides of the curve. 



E.xamples II. 

1. Dr.aw graphs of the following functions o. x, plotting at least 4 
points for each. 

(i) X. (ii) 3a;. (iii) 2a; + 1. (iv) 3a; - 2. 

2. Draw graphs of 

(i) |. (ii)|:. (iii) I + 2. (iv)|:-2. 

3. Dr.aw gi'aplis of 

(i) - X. (ii) - 2x. (iii) - ^ - 1. (iv) 1 - _ (y) * - 1 

2 2 ■' 2 3 ' 
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4. Draw graphs of tho functions 

(i) ar. (ii) (iii) - a", (iv) - (v) x" + 1. 

(vi) {X + 1) (a - 1). (vii) + 2) {x - 3). 

(viii) {.i- + 2) (2.r - 1). (ix) 2a; - a-, (x) x - ia". 

5. Draw graphs of 

(i) (ii) - .r*. (iii) {x + !)(«- 2) (a; + 3). (iv) i a"(a;-l). 
(V) (.r-l)M3-a). (vi) 

6. Find the equations which represent tho stiaight lino graphs drawn 
through the following paiia of points : — [i] (0, 3), (2, 5) ; [ii] (5, 2), 
(3, 4) ; [iii] (- 2, 4), (10, - 2) ; [iv] ( - 2, - 3), (S, - 4). 

7. An inch is equal to 2‘54 centimetres ; draw a graph for cxprtssiiig 
centimetres in inches, and use it to find tho number of inches in 41 
centimetres. 

8. If C and F denote the readings on a Centigrade and Fahrenheit 

9 

therinometer, corresponding to the same teinperaluro, then = v 04-32. 

Draw a graph for turning one scale into tho other, and hence convert 
00° F., 100“ F., - 40° F. into the Centigrade .scale. 

9. A vessel of water was gradually heated, and tlic table shows its 
tempeiaturcs at various times, taken .simultancou.sly on two thermo- 
metci-s A and 13. 


DB 


34 -S 

11 

D 

02 

57 

02 

07-2 

15 



72 

83 

93 

104 

11 4-.'. 

124 

134 

142 

150-6 


Show by a graph that there is a .simple relation between the two scales, 
and find what it is. 

Show also that some of the readings are incorrect. 

10. The temperatures in question 9 were taken at intervals of half- 
a-minule. Di-aw a graph (usiitg A) to show how the tomireraturc 
varied with the time. 

11. A spiral spritrg is fixed .at its upper end, and has various weights 
hung in suecc.ssiotr from its lower cn>l so as to stretch it. From the 
followiirg table dr aw a graplr showiitg tire relation botweerr the weiglit 
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ami llio elongalion it produces ; and sLow that one of the olisevvatioiiB 
is probably incorrect. 


Weight 1 

(grammes) j 

0 

200 

400 



600 

800 

Whole length ! 
of spring (cms.) j 

3S-4 

42-6 

47-0 

.51-3 

.55-6 


12. Tlie time of .sv.’ing of a simjde pendulum depends only on its 
length. The table gives the lengths of certain pendulums, and tho 
(approximate) number of boats tliej- m.ake in a minute. ■ 


1 Length in ' 
cms. j 

16 1 20 i 24 
! 1 ! : 

30 i 40 i 70 

1 ! 


j No. of beats 

1 per min. 

1/2 

1 

! 148 1 185 

1 t 

123 

I i 

110 j 95 ; 72 

i i 

60 


Draw the graph, and houco find the number of boats per minute for 
pendulums of lengths 25, 35, and 50 cms. 

13. From the table iu question 12 find the time taken by each 
pendulum to make one beat, and graph the connexion between this 
and the square root of the length of the pendulum. 

*14. Draw the graphs (in each case a pair of straight lines) corre- 
.sponding to the equations — 

(i) a" - y- = 0. (ii) a," = iy-. (iii) y- = 2. 

(iv) a," - 2.ry - Zy- ~ 0 (v) - 2xy - Zy- - S.c - 5?/ + 2 = 0. 

(vi) 4.1“ + ixy - Zy- - 2.e - Zy = 0. 

15. Use the graph of 2/ = .ar to find the value of (3‘5)-, (‘70)-, \/7, 

16. IVlien a body is falling freely under gravity tho formula con- 
necting the space described from rest (s feet), and the time taken 
{I sees.), is s = ICt". Draw tho graph of this, .and use it to find the 
space described iu 4'5 seconds, and .also the time taken to describe 
25 ft. 

22 „ 

17. Taking the formula A = ^ to represent the relation between 

tho area of a circle and its radius, draw the graph, .and find the area of 
a circle whose radius is 3 ft. 5 in. ; also the radius of a circle whoso 
area is 140 sq. in. 
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18. Tlio nrcn of Uto crns'^-sootinn of a log of wood, at various dis- 
tajicc 5 from its tliiclu’V cml, is given in the (able (fcot .and square feet), 


Hislnncc 

0 

1 

. 

3 '■ 5 

! 

c 

Area 

» 

2-25 

IvS 

1-f. ,1-125 

1 

1 


Draw a graph sliowlng iho area of cross-Ecctioii na a function of the 
length, and find tlie area at distance f ft. 

*19. From the gnijih drawn for question IS, find the volnnio of the 
log. Tills is dono by counting the number of sqtun>s included between 
the cun'c, tho two end ordinates, and the axis of z. Kach square 
rcpTv.sKut.s 1 ci'iiV foot. 

If tho log w.a« equally thick everywhere, this would he obviou.s from 
tho fonnula vol. = area of kise x'length. lly imagining it divided 
into jiorlions 1 ft. long, and counting the squares as above, the formula 
still aiqilies to a close degreo of approximation. 

If in such a problem tberc arc «io5ig incomi>leto squares in_ tho 
figure, each of them should be reckoned as a whole square if {t is 
greater than half a square, if not it slionld he omitted, 

*20. Trace tho graph in x and y given by the equations-^ 

fx = r- -h -u i- .T 

\it = + t! 

from tlic vahie-s f = 0 to f - 10. 

21. A manufacturer has priced certain hilhon; tho largest sells at 
£175 lOs. and the smallest at £40. lie whhea to inereaso his prices 
so that the largest selhs at £200 and the .smallest at .L'oO. If tho new 
]irice I’ and the old price Q are connected by tho relation Q = n +■ h 1’, 
find tho values of a and b to 1 deeiinal jdace, and find the new prices 
of lathes originally v.alucd at .€150, €125 10, s., .€78, 
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MAXII.IA AND SIINIMA. 

17. Definition. — If a function of x increases in value 
v’hile X is increased, and then begins to diminish -when x is 
still further increased, the value of the function "when the 
change occurs is called a maximtim. 

Pig. 17 shows the graph of 4x — x~. Putting 4x — xr = y, 
it will be seen that while x increases from 0 to 2 there is a 
continual increase in y also ; but if is increased ever so 
little bej’ond 2 (e. ff. take x = 2-001), y begins to diminish. 
Thus 4a; - a" has a maximum value, viz. 4, when x = 2. 


4 

^ / 

0 

‘O ! 2 5 -f ■ 

Values of ic 

Fig. 17. 

If a number of equidistant ordinates ai-.e drawn to the 
graph, close together, on each side pf the maxinjum ordinate, 
it will be seen that the difference in length between two 
adjacept ones becomes smaller the nearer they are to the 
maximum ; and when very near, it becomes small enough 
to be entirely negligible. Hence the length of the ordinate 
piay be called stationa^, when it is a maximum ; at such 
a point, a A'ery small alteration in x would produce no 
increase or decrease in y. 

18. The meaning of a minimum value is now obvious. 

Definition. — If a function of x decreases in value while 
pB is iuepeased, and then begins to increase when x is still 

24 ' - ' 
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further increased, the value of the function when the change 
occurs is called a minimTun. 

Fig. IS shows the graph of a? — 4;c + 3. ^Yhile . 7 ; increases 
from 0 to 2, 2 / diminishes from 3 to - 1, and then begins to 
increase as soon as :v is greatei* than 2. Hence this function 
has a minimum value, viz. - 1 , when a; = 2. 



X 

0 

1 



V 

3 

0 




Fig. 18. 


A minimum value is ahso a stationary value ; this may 
be seen from Fig. 18, as in the case of a ma.ximura value, 
by draiving a number of equidistant ordinates. 



19. Successive Maxima and Minima. — If there are several 
maximum or minimum points, they follow one another (dlcmatelij ; 
I'lg. 19, where maximum points are marked A and minimum B, will 
stiow that two A’s do not occur without a B hetween. The g)-aph may 
also go InglLcr than any maximum, as at C, or lower than any minimum 
as at JJ j also a mniniiiim ordinate m.ay bo greater than a maximum. 
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20. Investigation of Maximum and Minimnm 
Values of Functions.— Since the graph of any function of 
the first degree is a straight line, it is clear from the definition 
of maxima and minima that there are none on such a graph. 

In other cases, the values of x, for which the functiou is 
a maximmn or a minimum, can often be found by plotting a 
few points and drawing the gra])h. 

Ex . — Find the maximum or minimum values of - Sx. 
Let 2 / = .r’ - %x, and form a table of points to be plotted j 
(?, inch =1). 



’<? -rs -} -os 0 s 1 rs z 

Values of .r 
Fig. 20, 

By examining these points (as plotted in Fig. 20) and the 
curve Joining them, it will be inferred that 7/ is a maxi- 
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muni^ viz. 2, irhen x— — 1, and x minimum, viz. - 2, when 
X — +1. By plotting other points, c?o.<!e to these two, we can 
satisfy ourselves that these are correct; if they are not, 
the extra points enable us to find the proper positions. 

For accurate work it is necessary to use a large scale of 
representation and to plot a large number of points. 

*21. Sometimes it miiy not bo easy to select points for plotting so as 
to show a maximum or minimum on the portion of the graph joining 
them. There is a mathomatica! process for discovering tho maximum 
or minimum values (if .any) of a given function, without drawing a 
graph. We have seen (Fig*. 17) that if y = 4a: -a?, a maximum value 
of y occurs when x=2. This could also be discovered as follows. 

Let Oil be the abscissa for which the ordinate Pil is a maximum 
(sec Fig. 21) ; denote Oil by x„ Pil by yi, and let ON = Xj + It, 
OS = Xj-7i, where h (i.c. ilN or MS) is 
a very small quantity ; let QN = y™, US 
= 74. (these are both less than y,, if Pil is 
a maximum). 

Now yo = 4 (xj + 7t) - (xi+ Ti)^ 

■ = 4.r,-.x,2 + 2h 
= y, + 2h{2-x,)-Jfi 

. • . 7/0 - j/i = 27i (2 - x,) - /t“. 

Similarly, yj - yi = - 27t (2 - Xj) - h-. 

Jlut since y, is -a mavimum, y^-yi and 
Vs - 2/1 must both be negative, and this ioill 
be the case^if 2-Xi = 0, or aq=:2. If 
however Xj w.is vot equal to 2, they could 
not both be negative when 7i. is taken very 
sm.all, for tlie term 7ir being jicgligible 
comjj.ared with 7i, it is impossible for 27t(2-Xj) to have the same sign 
.as - 27i, (2 - .i.’i). 

This metliod isye)icra7,and applies equally to finding 7)77?w'7n7{7)i values. 
It maj' be stated thus : — Let y be a function of x ; then to find a value 
(a’l) of X for which the value (y,) of y is a maximum or minimum, wo 
change Xjt0Xi+7i, and let the corresponding value of y be 7/0; ex- 
press y.y - y, in tei-ms of Xj and 7i ; collect all the terms containing only 
the firet power of 7t, and equate them to aero. This rvill give one or 
more values of .t, for which y is either a maximum or minimum. 
To decide which it is, wo can dr.aw a jiortion of the graph in the neigh- 
bourhood of this value of s: ; or wo may be able to decide by inspection 
whether the sign of y^ - y, is positive or negative. 

This method may fail if there arc no terms containing 7A 

22. Alternative Method. — Another method for functions of tho 
3}id degree will bo sufficiently illustrated by an example. It depends 
on the fact that a square cannot be negative ; i.c. tho least value of 11 ^ 
is 0 ; for whether n be positive or negative, v? will be positive, 
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Ex . — Ify = a? -6a: + 11, find a maximum or minimum value of y.. 

IVe have i/ = (a: - 3)- + 2. 

Hence a minimum value can ho found, for (a- - 3)“ will have its least 
value, viz. 0, when .a; = 3 ; and then y = 2, and is a minimum. If the- 
given function had hoen y = 2 -(a:- 3)-, this would liave its nuixinmm 
value when x = 3. In using this method, all the terms containing, ai 
must he inclndcil in the square. 


Examples III. 


1. Find gmphically the maximum or minimum values of the follow~ 
ing functions of x. 

(i) (.r - 1) (x - 2). (ii) {.v + 1) (.r + 2). (iii) - ,t-. 

(iv) - (3.1- +!)(.■!:+ 2). (v) (vi) (.r - 1) (a; + 1) (.^‘ + 2). 


Verify these algehraic.ally. 


2. Find the maximum and minimum values of the following functions 
algebraically, and verify by dmwing the graplis. 

(i) ai' ~ 3a: - 1. (ii) 2.i? - 3.®- + 1. (iii) x- - aP. (iv) x - ap. 


(V) 


- 8 
a; + 3* 


(Vi) 


ar + 3 
.r + 1 ' 


3. The sum of two numbers being constant, find the change in their 
product as one of them increases from 0. Show that their product is 
greatest ivhen they are equal, e. g. let their sum bo 10, and draw the 
graph of X (10 - x). 

4. Find the maximum area of a rectangular field whoso perimeter is 
480 yards. 

If one corner is at the origin, two of the sides being along the axes, 
draw the graph of the opposite corner. 

5. The area of a rectangle is 9 square inches ; find its minimum 
perimeter. 

6. The area of a rectangular field is 20 .acres ; find the length of each 
side when the perimeter is a minimum. 

7. What is the greatest possible area of a rectangle whose diagonal 
measures 10 inches ? 


8. AVhat is the greatest possible perimetor of a rectangle whoso 
diagonal measures 2 inches ? 

9. If ah = 720, find the minimum value of 3rt + ith. 

10. If 2(1 + & = 200, find the maximum value of ah-. 

ir. A rectangular cistern on a squam base and without a lid is to be 
made, such that the total area of iron plating used in its construction 
is to bo 100 sq. ft. If the side of the base measures x ft. determine 
the capicity of the cistern ; and by means of a graph determine the 
maximum capacity which the eistem ca.n have, 
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SOLVING EQUATIONS OF ONE UNKNOWN. 

23. First Method, hy one Graph.— The mclhod to he 
followed is to bring :iil the terms of the eqmitioii to ouc 
.side, .so that the eqtmtion i.-vhes tlie form 


(some function of re) = 0. 


Then dr.aw the grujdi of this function of cc. Lastly liuM 
the v.'ilue.s of x for the 2 >oinls in which the gi’aph cuts the 
j»xis of .<•. 

The.'-'o value.s of x, thu.s found, will bo the sohitions of the 
■original equation \ for at thi'.se 2>aii>ts the vahtex of y, i.e. of 
fill', yireu f imclUm ofx, arc zero. Tlic method will be under- 
stood quite easily from the examjdc.s wliich follow. 


•JI. Simple Equations. — K >\ — Solve graphic.ally the equation 
4.r=L . . , / 

Write tlic uiiiation in the 
form t.r: - 1 = 0. 

Jfr.uv the graph of 'la;-!, 
i.e. of p=‘l.c-l, using the 
lahk— 


y j 

j 

uj 

0 1 

!. 

■' ' 

-y| -1 

‘ 1 

! 0 i 

n 1 

; 1 


>N 

Zo 




■5 


We .see from Fig. £2 lliat 
Ihc graph cuf,s OX at the 
point forwhicli Observe 
1 h a t, for cl earn cs .s, 1 1 1 c a;- ord in - 
ntc.s arc measured on double 
the .scale of the y-oa] 10,1(0;, 
This value of is the solu- 
tion of the equation. 
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- 2-1012 
Values of x 
Fig. 22. 
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25. Quadratic Equations, — Ex. — Find, grapliic.illy, the roots of 
tlio equation a;- - 3x'= — 2. 

Write the equation in the form ar*-3a; + 2 = 0. 

Dmw the graph of a;- - 3.r + 2, Using the table-“ 



Valuas ojx 


Fig. 23. 


X 

0 

5 

■ 

B 

2 

'3 

y 

2 

*75 

0 

— '25 

0 

2 


It will he seen from Fig. 23 that where the gr.aph cuts OX the values 
of X are 1, 2. These are the roots of the equation. 

26. The following example illusfci’ates a method of solving 
a number of equations by means of one graph. 

Ex . — Draw the graph of .a“-3.'B and use it to solve the equations 

(1) .r*-3a;-l = 0, (2) .a^-3x- +2-25 = 0, (3) 2.r--6,7.-+l = 0. 

To draw the graph of a: --3a; write y=.a“-3.'r, and construct a table 
of values, thus ; 


X 

-2 

-1 

0 

1 2 

3 

4 

ar 

4 

1 

0 

l! 4 

9 

1C 

-3a: 

C 

o 

O 

0 

-3' -6 

-9 

-12 

y 

10 

4 

” 

-2' -2 

1 


4 


The graph is siiown in Fig. 24. 

(1) To solve rcr - 3a: - 1 = 0, write i? - 3.a- = 1. 

Then wo must look on tlie graph ofar- 3a; for the values of x, when 

F=l. 

They are 3-3 and- -3, these are the roots of the equation, since 
these values of x make ar^-3.'c=l. 

(2) To solve ar- 3a; +2 -25 = 0, \mtc ar- 3a;= - 2-25. 

Now find the v.alues of .-r on thegraidi of a: --3a; when y= -2-2.5. 

There is only one value for x, viz. 1-5, this is the turning-point of the 
curve, and we can see that s? — 3x+2’25 is the square of a:-l-5, so we 
should only expect to find one value for x. 
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(3) To solve 2a,^ — 6 .'b+ 1 = 0, write aP — 3x= ~ '5, dividing by 2. 

Now find the values of a; on the graph of ar-3x, when 2 /= - '5. 

They are 2 '82 and 'IS (or roughly 2 "8 and "2), these are tlie roots of 
the equation. 

The solutions of these equations are marked on the gra 2 >h, Fig; 24. 

27. When the roots are not small, and henee the points at which 
the graph will cut the a.\is of x arc not near the origin, it is often con- 
venient to change the variable, in order to kce 2 )the table and the graph 
Within bounds. 


■■■■■■■nmnnH! 






asM 


-2 -1 0 2 3 'i 

Values of JC 

Fig. 24. 

JSc.— Solve graidiieally the equation ar-i-lla;-840=0. 

If we commenced fonning a table by ascribing small values to x, the 
y-valucs would be numerically large, and it might not be easy to see 
what values to select for x in order to plot the part of the curve for 
which the y-values arc small By the following device the roots can 
be reduced to one-tenth of tlieir original values, 

_ Take some new letter, say c, equal in value to sc/10, i. c. write lOc 
instead of x, in the original equation, giving 

100“.{-110z- 840 = 0, 

or, dividing throughout by 100, the co-efficient of z-, 

8-4 = 0. 

Write 2/=a2+i-i,.-_ 8 - 4 ^ graph, using the table below 

where z is imtten for the reduced .'c-ordinate. 
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c 

-4 

-3 

-2 

-1 

0 

1 

2 

3 

y 

3-2 

-2-7' 

-6*G 

-S'5 

-8-4 

-6-3 

-2-2 

3-9 


The student should draw the figure for himself. The curve cuts the 
axis of X at the points for which 2=2'4, - 3‘5, i. c. a;=24 or - 35. 

Clearly this is merely a method of reducing the scale of representa- 
tion, and there is no necessity to limit ouiselves to the paiticular 
fraction 1/10, chosen above, although this would be generally the 
most convenient. 

28. Eq^ual Roots ; Imaginary Roots. — In the Theory 
of Quadratic Equations it is shown that an equation some- 
times has equal roots or imaginary roots. 

In the case of equal I'oots it will be found that the graph 
will touch the axis of x at one point only, or, to put it in 
another way, the graph will meet the axis of x in two coinci- 
dent points. E.g. draw the graph of x- — 4x + 4: This 
will be found to touch the axis of x where x = 2, and this 
is the solution of the equation x- - 4.'r -4- 4 = 0. 

In the case of imaginary roots the graph will not meet 
the axis of x at all, hence the graphical method gives no 
assistance in determining the magnitudes of such roots. 
If, when a graph is drawn, it is found that the graph does 
not meet the axis of x, the only conclusion to be arrived at 
is that there are no real roots. E. g. draw the graph of 
a- -f .r -b 1. We see that the graph does not meet the axis 
of X, and hence we infer that the roots of the equation 
a- + .t; -f 1 = 0 are imaginaiy. 

29. Equations of higher degrees than Quadratics. 
— If such equations have real roots they may be found by 
the graphical method. 

jEr. — Solve gi-ax)liically the equation x^+ar+x-S — O. 

Formiiig a table for plotting points, we have 


■ 

-2 

B 


fl 

2 

y 

-9 

1 

-3 

0 

11 
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Fig. as sliow.'! the plmiic of the ourvo, tlu; .r-onliimlcs .aro nic.-isnied 
on n .'sc.'ilo five times ns largo as tlic i/.ordiiinfe.s, tlio rc-ason being Hint 
a.s -come of tlie vailiios of it are miniericalh' large, it wnnlil be ineon- 
vciiicnt to have a largo rc.a'le for j/, but if we liavo a small one, and also 
use it for X, Ibc values of a- will all bo very close liigetlier on tlic graph. 
To avoid this we choose a large, scale for ar. It will be seen from the 
fig. that tlieio is otio re.al root, vi.r. The eijuatinn being of the 

thin! degree rnn.Ht have three roots, so the other two roots .are 
imaginaiy. In this connection it is iiicful to jeniomber that “imagin- 
ary roots occur in jiair.s," a theorem proved in Higher Algebra which 
must be taken for granlMl here. 



30, Second Iffetliod, liy two Graphs, - The method to 
bo followed is to avningo the ccjtiatioii so that the terms of 
the highest degree are on one side of the equation, nnd 
those of lower degrees on the other side. Then on one 
diagram draw* tho graphs of the separate exprc.s.sions on 
each side, ilcasuro the val«e.s of a: at tho points where 
these two gmph.s meet one auotlior. These values of a; null 
bo the solutions of tho original equation. 

ORA. 3 
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31. This method is not applicable to simple Equations, 
but it is the best method for Qtcadratics. 

Ex . — Find to the first decimal place the roots of x^-Sx-l — O. 
Write the equation in the form a;-=3a;+l. 

Draw the graph of x", and also the grapli of 3a;+ 1. 

It will be found that they intersect at points whose .-c-ordinatos 
are 3‘3 and - ‘S. as in Fig. 26. 



-3-2-10 1 2 5^ 

Values oj X 


Fig. 26. 


These values are the roots of the equation a:®-3a:-l=0 ; for at 
either of these points the j/-ordinates of the two graphs are identical, 
and hence the value of a;" is equal to the value of 3x’+ 1. 

Compare this method of solving the equation a;-- 3a: =1 with that 
in the first case of the last examjde in § 26. 

32. In the case of equal roots the linear graph will touch - 
the quadratic graph , instead of cutting it, and the value of 
X at the point of contact will be the solution of the equation. 

In the case of imaginary roots the linear graph will 
not meet the quadratic graph at all. 
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These stotomenls iiuiy bo verified by trying to solve tlic 
cqiiations given in § 2S by the two-graph method. 

33. This method may bo used for equations of higher 
decrees th.in quadr.atic5, but it will bo more troublesome 
than the first method unless one of the graphs is a sh-aight 
line. In this latter case it is quite a satisfactory method. 

7i>.— S)lvo the equation 5-' - .3 a- - 2 = 0, bj- the iiitci-scction of two 
graphs. tVritc the equation in the form A-’' = 3.t-f 2. 

])mw the graph? ol ar'and of 3r-i-2. 

The fat’les for plotting will bo 

]-'or at” I'or 3 .r -f 2 




It will be seen from Tig. 27 that the lino cuts the cubic curve nt the 
point for which x=2, niul touches it where x= -1. Ilcnco the roots 
of the original equation arc 2 and -1, the latter root-1 being really 
a pair of equal roots. 
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N.B. In drawing these graphs it is generally desirable to 
take a larger scale for x than for otherwise it will be 
difficult to see exactly where the linear graph cuts the 
quadi’atic graph. 


Examples IV. 


1. Draw tlic {jrapli of the function 4a: +1, and hence solve the 
equation 4a; + 1 = 0. 

2. Draw the gi-apli of the function 5a; -7, and hence solve the 
equation 5a; -7=0. 

Find graphical solutions to the equations in questions 3 to 12, (1) by 
the metliod of one graph, (2) hy the method of two graphs. 

3. a.-2+3a; + 2=0. 4. ar-a:-30=0. 

5. 2a;= + 3a;-2 = 0. 6. 3a?+x-2 = 0. 

7. ai2-6a:+9 = 0. 8. 4a?+4a;+l = 0. 


9. a,-2-5a: + 7 = 0, 10. 2a?+a: + i = 0. 

' ^ 

11. 4a;-+a:-l=0. 12. la.’2_a+l=0. 

2 4 

Solve the equations in questions 13 and 14 by the method of § 27. 
13. ar-5a:-300=0. 14. a“-33-7a: + 283-8 = 0. 

IB. Draw the graph of aP-i-ix, and use it to find the roots of 
(1) a;2 + 4a;+3=o, (2) a;2+4a:+4=0, (3) 2ar+8a;-5 = 0. 

16. Draw the graph of a? - -a:, and use it to find the roots of 
2 


(1) a-“-la;+2=0, (2) a?-ia;+l = 0, (3) 4a;--2a;=6. 

^ /i 

Find, correct- to two places of decimals when possible, the roots of 
the equations in questions 17 to 24. 

17. x^-l = 0. 18. ar'+l = 0. 

19. .v' + 2a:-l = 0. 20. a;»-3a:+2=0. 

21. a;3 + 3aa+3a.+i_o, 22. a?-)-6a:2+lla;+6=0. 

23. 2a,-=-3ar+l=0, 24, 2a?+3a:-- 1 =0. 
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LIMITING VALUES. OUEVES WITH 
ASYMPTOTES PARALLEL TO THE AXES. 

34. Meaning of Limiting Value. — Consider the frac- 

cii "I* 2 

- — ^ j if in this we put x successively equal to 5, 4, 3, 


2, 1, 0 (a decreasing series), Ave shall get a deoxasing series 
of values for the fraction, the largest being ^ and the 
smallest |. Hence as x diminishes from 6 to 0, the fraction 
{x + 2) / (a: + 3) gradually decreases in value from § to- 
wai’ds § ; and finally, Avhon x is 0, the fraction reaches the 
value §. This may bo expressed by saying that is the 
limit (or the limiting vahie) of the fraction {x -f 2)/(a’ + 3), 
when X diminishes to the value 0. 

3 

Again, consider the fraction — ; if we put x successively 

CO 

equal to 100, 100^ 100^, 100“*, etc., the corresponding values 

of this faction are jL, A,, etc. Thus the 

greater the value assigned to x the smaller is the correspond- 
ing value of the fraction ; and if x is indefinitely increased the 

fraction — becomes indefinitely small and ultimately reduces 

to zero. 

3 

Thus the limit of the fraction — , Avhen x is indefinitely 
increased, is 0. 

35. Definition of Limiting Value. — The Limiting 
Value of a function of an independent variable, for any 
particular value a of the variable, is that value from which 
the function differs by less than any assignable quantity, 
Avhen the variable differs from a by less than any assignable 
quantity. 

It has just been stated that the limit of (x -t- 2)f(x + 3), 


when a = 0 is 

o 


Now 


— - IS 


X 


X + 2 

a; -f- 3 3 3(a; -1- 3)’ 


and Avhen 
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X diminishes to 0, this diffei'ence x/3 {x + 3) becomes loss 
than any assignable quantity, and in fact vanishes. 

36. Limit notation . — It is convenient to use the notation 

ivifch the meaning, “ the limit when x = a of.” The 

symbol Lt^, _ „ is also used with the same meaning. 

TIT" 1 i 1 A Tib aj "1“ 2 . 2 , Ijt 3 . ^ ' 

VVe have seen that is and - is 0 : as 

further illustrations observe that 

Lt Qx — 4: . 4 1 

2=0 1 =^ — IS - - or - • 


O.-B + 8 
Lt Gx — 4 


is 0, since the numerator vanishes, while 


9.-B + 8 
the denominator is finite. 

ig _ 00 i,e. it is an infinitely largo 

“ 9 . 1 : + 8 

negative quantity, since the denominator vanishes, while 
the numerator has a finite negative value. 

37. Undetermined Form .^4 — It is not always possible 

to find, for a function of x, the value corresponding to a 

particular value of x, by merely 
substituting this particular value 
instead of x in the function. 
When this is the case the function 
is said to be undetermined, or 
indeterminate. A fimdamental 

instance is Jin -. This takes the 
0 



form — , which cannot be inter- 
preted as a fraction, for it has no 
numerator and no denominator. 
To understand this consider the graph of the lme^=x, 
as in Fig. 28. 

If from P, any point on the line, a perpendicular PIM be 
drawn to the axis of x, the ratio PM : OM is always unity, 
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for Pj\r/OM = yjx = 1. If P is taiieD very mar to 0, tho 
ratio PM : OM remains unity (although Iiotli Pil and OM 
are very small). Hence when x differs from 0 by less than 

any assignable quantity, the fraction - differs from 1 by 

less than any assignable quantity (wo write oe in the 
numerator instead of y, since in this graph y- x always); 
therefore hy the definition of a limitincj value, when .r = 0, 

the limit of - is 1. The fact that xjoe=l hcfm'a a; = 0 is 

X 

immaterial. 

It is clear that the same argument applies to a point at 
a very great distance fi’om 0 along the line, viz. that the 
ratio y :x still remains unity, even when both y and x are 

very large indeed. Hence - is 1. 

38. Application to Infinite Values of x . — To find the 

Limiting Value of ~ when x is indefinitely increased, 
oit* 4“ 4 

we may divide both numerator and denominator by x, thus 

2-J, 

reducing the fraction to tho equivalent form - — It is 

3 + t 

X 

permissible to divide by x, in this way, even when x is 
very large, sir.ce - is 1 (end of § 37). 

X 

Now if X is indefinitely increased the fractions i and - 

X X 

are indefinitely diminished, and may therefore bo neglected. 


Thus ( 

V, xj 

• o a PI" 
is 2, and 


Hence 

2x-l 

T 2-i 
_ Lt X 

2 


3x + 4 

X=K . 

3 + - 

X 

3’ 


From this example we see that the important numbers, 
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2x — 1 

in the fraction -when m is infinitely large, are 2 and 

ore + 4 

3, ?.c. the co-efficients of the infinite quantity. It is imma- 
terial what values the finite terms have. 

JE.g, is still whatever finite values Ave 

3x±d 3 

ascribe to a and J, and also when each or either of them is zero. 

39. Examples of Evaluation of Undetermined Forms. 

'Lt !>"-2x Lt — 2) Lt x-2 . x ■ •, 

= = - = 0 3- icmovmg^_ since its 

limit ivlicii rc=0 is 1 (§ 37), and J^q'^ ~ ^ is — or 


, -Lt .'i-- - 2a: _ Lt x (x - 2) _ Lt x-2 
'^la: = 07;5 :W- — .r = 0 ~~r- — s:; ~ 3- = n 


X- - 3x 


, is or „• 

>.v-3 -3 8 


2-^ 

(2) dividing numcratoiMiid denominator 

X 

/» 

by remembering that — is 1, even in the limit when a; = co 
sr 
. 5 

(end of § 37), and ^ ~ x is since, when k=co both 2 and - 


are 0. This might also have been evnluatcd by observing that the 
important numbers arc the co-cfTicients of the highe.st powers of sr, when 
a; is CO , co-efTiciente of lower powera being immaterial, hence, at once, 

Lt 

X ~ CO 3.x*- -P 4.x: 3 

2 1 
1 - 1 --+'- 

/Q\ bt X -p 2x^ -j- 1 ^ Lt X X ^fUviftinfr 

3x“-p2.x:-H 


(dividing numerator and 


1 . 2 3 2 1 

denominator by .XT') = - = <», since all vanish when 

x=oa. Or, otherwise, the highest power of « is ar* wliich has 1 for 
co-efficient in the numerator, and 0 for co-efficient in the denominator 

(since there is no a:^ there), hence the limit is i or co . 

(4) bt af-3£+2 Lt (a;-l) (.x;--2) _ Lt _x^2 
'^’=^ = Ux^-x-3 * = Ma:-l)(4a: + 3) ^ 4.x:-(- 3’ 

the factor since its limiting value ivhen a:=l is 1 (§ 87), 

x-r 

and Lt x-2 • 1 

“=i4iT3*""r 
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t 

40. In tlio preceding paragraphs of this chapter an 
attempt has been made to give the student an idea of 
Limiting Tnluos and how they may bo obtained ; we shall 
now show how these ideas may bo applied to graphing 
functions in which zero and infinite values of the variables 
mu.st bo considered, in order to get the form of the curve, 
either near the. origin, or nt a very great distance from it. 

I 

41, Example. — Draw the graph of i/=^* 

On trying to form a table of values we see. that for /wyiVur mhtrK of 
avlirh .e j.s very small y becomes very largo, and as a- approaclics 
more and more nearly to Kcro y approaehe.s more and more nearly to 
infinity ; also wlieii t is very largo y becomes very small, and as x 
approaches more and more nearly to oo y bceomc.s more and more 
nearly equal to aero. So fur jtcoo.'ire vo/ifcr as x approaches zero 
negatively, y ap]iroaehrs infinity negativeli', and conversely, 
tVe Inive the following table of values : — 


X 2 , 

1 ^ ' 

1 

1 i i ! 

-•1 ( -0. •i o; -p-i . f 

' ! ^ 1 

q-ii-i-sj-i-a 


y i -'■•'j- 

-'f 

-in .(-ui I -i i 

11' ! 

i'l -fii-f'-a 
' 1 

+0 


Con-'ider the positive half of tlio table: it is clear that as * gets 
larger the ctirve gofs nearer and ne.arer to the axis of .>•, and altiiongh 
we cannot plot the point for wJiich and y=0, we can indic.atc it 
as in Fig. 1!? (see next page). 

DKKisiTto.s". — A line to which a enrve npiironches more and moro 
nearly till tiny arc scjiaraled by less than any a.ssignablo distance, but 
without ineoling it until an infinite dislanco is re.ache<l, is called an 
asj/mplnfr. (An asymptote may cut the curve at other jKjints before the 
final approach Ih'i’ins.) 

_ In Hg. 20 both axes are asymptotes to the curve, 'llie curve con- 
sists pf two p.arls, one p.irt lying entirely in tho first quadmnt, as 
dtscrilied above, and the other j>art, which can be deduced by a similar 
argument from tlin negative lialf of tlic table, lying entirely in tho 
third quadrant, 

■12. Notice tho method followed in order to plot the curve in the 
last jiaragraph. It is observed that i/=co when a:=:0, showing that 
tlic axis of 1 / is an asymptote; also x and y are. citlier both positive or 
Iwth negative, tlii.s gives the .shape of the curve for ray small values 
a/ -r. Next some points on the curve are plotted for atwll finite values 
of X, taking both jiositivo and negative values. l.n.stly, when , 
V=0, showing that tho .axis of .i: is an nsymplotc, tin's pves the shape 
of the curve for vny large values of x. Thus it is possible to find a 
fairly accurate reiirescntalion of the general shape of the curve. 
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LIMITING VALUES 


43, It will be readily seen that tbc graph of any equation of tlio form 
x!/=a, wlioro a stands for sorao constant quantity, will bo of a similar 
nature, viz. consisting of two parts, l3’ing respectively in two opposite 
quadrants and having the axes of and y for asymptotes. 



1 — I — I — I — I — I — I — I — I I , i — ITT I ' » i I ‘ 1 1 5 I — I — : — 1 — I — r 

■s -3 -2 -1 0 1 2 3 '} 5 


{Values of X 
Fig. 29. 


If a is positive the curve will lie in the first and third quadi-ants, while 
if a is negative the curve will lio in the second and fourth quadrants. 
Fig. 30, on the opposite page, shows the graph of xy = - 2. Tlio 
student should construct a table and confirin this. 


44. Curves with Asymptotes parallel to the Ases. — 
Example. — Draw the graph of w = 

First note the values of y when .a; = ± so , viz. y= •- 3 {§ 38). Hence 
® an asj'mptote. lIextnotothata:=2niakes2/infinite. Hence 
«— 2 IS also an asymptote. 


LIJirriXG VAI.UES 
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Then find the points at which the curve cuts the axes of co-ordinates. 
Here wlicn a;=^, j/=0 (this is the point at which the curve cuts the 
axis of x), aud a;=0 when y = -3*5 (the point at which the curve cuts 
the axis of y). 



Fig. 30. 


Lastly plot a few points for convenient values of x. To see what 
values of x are likely to be useful, draw the asymptotes. It will 
generally be desirable to plot a few points on either side of that 
asymptote which is jiarallel to the axis of y. In this example this 
asymptote is a:=:2,and we need to plot several points whose a;-ordinates 
arc a little greater than 2, and also several points whose a:-ordinates are 
a little less than 2. 

AVe give a table which will enable ns to dmw the graph with fair 
accuracy. If greater accuracy is desired more points must be plot*" 


Values ofy 


a 


LIMITING VALUES 


* - 05 -100 -C ( 0 1 


T-3J- 307 22 7 


^-2 -10 “7 -2 ~ 


V -3 301 -31 -3*5 


irai 




■■■■■■■■■■■I 


SSSBaBaBBBBSSBBB 

BBSBSBHSKBBB 

BBBBBBBBBBBBBBB 

■■■■■■■■■■■■ ■■■■ 

■miHlHHHBHBijillBIlHpnBMHHI 

S ■■■■»■■■■■■■! 
iHBPWOW BPBBBPBPPBPPl 

NnBBHBEiSSSSfflBragSiBHBE 
nSBBBBBBBBBIBSBBSBBBBBBBBB! 
SBBBSBBBBBSBBBBBBBBBBBBBBI 
IBBBBBBSBBBBSIIBEBBBBBBBBBI 
IBiBSBBBBSBBSBBiIBBBBBBiBBBSI 


SBeiSBBMSBSBBBi! 


- 5 -^- 5 - 2 - 10125^36 

Values of X 


Fig. 31. 
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In the pnpli (Fig. .'ll) the ax.is .are XX', Y Y', as nsual, the asymptotes 
am PF, QQC 

Note particularly that when ar is a very little less tli.an 2, y is a l.argo 
neg:»tive quantity, and wlicn x is a verj‘ lit lie greater than 2, y is a largo 
jiositive quantity. Sometimes we express this by saying that when x 
passes through the value 2, y changes abrnjitly Irom - co to co. 

45. It will not he diflicult to sec that y——'^^‘ where «, h, c, d 

CX 4' 

stand for numbers, may ho taken as the general tj'pe of saich equations 
as that considered in the last jmragraph, and that the resulting graph 
will have two innnitc branches with a pair of asymptotes p.ar.allol to the 
axes. This type of curve is called n rectangular hyperbola. Some ap- 
parently more complex forms can often ho treated in this w.ay. £.</. 

draw the grajih of — 

_ '■ af-‘-)-3J: + 2 

Removing the factor x 4- 1 from numerator and denominator we obtain 
— -• 'fho value of 1 — will alw.ays be the same as the value of 

even when ;j:= - 1 (see § 39, Fix. 4). 

a: +2 

The graph of — - > or of j/ = ; — - , may bo drawn by the method 
■ .V4-2 a: + 2 

of the preceding paragraph. 


Example.^ 


Find the Limiting Values of the expressions in questions 1 to 6 
(1) when fl;=0, (2) whcnar=:o;. 


2.e + l 

2a^-f 1' 


2 . 


S.>r-hX + 2 
a-' 4 2 ' 

_£(.r - 1 ) 

(i-9Y(F-Ty 


8. 


a"-fl 

xYV 


0 


Find the Limiting Values of the expressions in questions 7 to 10, for 
the values of .e given. 


7 Lt sP-l 

9. 

^ ^ ar* 4* Sar* 4- 3.c 4* 1 


8 . 


Lt a:-4-2a: 


*=2 


X- - 2j: 


Lt a? 4- 8 

a: s= - ^ •'V" X * 

* - a.-‘4-9 
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LIJIITING VALUES 

Evaluate the undetermined forms in questions 11 to 14. 

11. Lt 3a;2 + a! 12. Lt 

2a.^+a;' 

13. Lt aP-x 

x^-3x+2' 

14. Lt a-s + 8 

®=-2 a,a_4- 

Draw tlie graphs of the functions, or equations, in questions 15 
to 32. 

15. xy^L 

10. .^■2/= -4. 

17. a:+i. 

X 

18. x-\ 

X 

19. !« + -. 

X 

20. a:-?. 

X 

21. 2a;+i. 

X 

22. 2a: -1. 

X 

='=«-2- 

24. 2/=-^. 
a:+l 


26. 2/=g±|. 

27. 

2.^+5 

28. 

3-22: 

_n 22:- - 32; - 2 

2 '= 22 ;^- 62 ; + 2 

30. 2,- + 2. 

3a;^+5.'B + 2 


32. y- 

a"* - 1 



CHAPTER VI. 


GRAPHS SY.AIMRTIUCAL TO THE AXES. 


4G. It is easy to decide (as .shown below) if an equation 
will load to a graph which will ho symmetrical about either 
axis of co ordinates, i.e. if either axis divides the curve into 
two parts, such that one p.art could be folded over that axis 
so .as to coincide exactly' with the other part. 

•17. A graph will bo symmetrical about both axes if 
all the powei-s of a; and y which occur in the equation are 
oven. 

Thi.s will bo understood if it i.s observed that when tho 
co-ordinalos (a, h) of any point satisfy the equation, tho co- 
ordinates of ciich of threo other points, viz. («, - 6), ( - a, b), 
(-ft, -h), will also satisfy tho equ.ation, since whether wo 
substitute a or -a for x, and raise it to an oven power, we got 
the same re.sult, and so if i or — J is substituted for y. Thus 
we .shall got on tho curve groups of points syirnnelrically 
situated with respect to either axis of co-ordinates, as shown 
in tho next threo figures. 

Ux. 1. — Draw the graph of 

Write the equation in the forms (1) y= ± ^/4 ~.v-, (2) a;=: ± ,^/4 -y'K 
From (1) we can readily c.alculatc tho value of y corresponding to any 
assigned value of a-, and wo .see that for each value of x tliero will be 
two values of y, numerically equal but of opposite signs. Hence for 
each point plotted above tho axis of x there will be another point below 
the axis of a:, at an pqual distance from it, i. c. tlie axis of x will divide 
the curve symmetrically. So (2) enables us to calculate values of .r 
corresponding to any assigned value of i/, and it is clear that tlie axisol 
y divides tlio curve symmetrically. Also wo sec that the greatest 
jiossible numerical value for either a: or y is 2, since a gi'catcr value 
would make the p.art under the root-sign negative. 

Constructing tables for plotting points, wo have, 


From (1) 


ai j -2 

1 

-1 

0 

1 

2 

V j 0 

±1-7 

±2 

i 

±1-7 
• 1 

1 

0 
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GRAPHS SYMMETRICAL TO THE AXES 


From (2) 


V 

- 2 

-1 

0 

1 

2 

X 

0 

il-7 

±2 

±1-7 

0 


The curve joining these points is a circle, sec Fig. 32. 



In fact the graph of the equation x--\-y"=<?, will always be a 
cirele, radius c, provided that the vertical and horizontal scales of 
representation are equal. 

Ex. 2. — Draw the graph of 4a;- + f‘7/^ =3G. 

Write this in the foims y — ±^ ,^736 - 4x- (1) 
anda:=±| ^86-91/^ (2). 

From (1) we see that the greatest possible numerical value for x is 3, 
and from (2) that the greatest value for y is 2. 

Construct a table for plotting points from (1), as below : 


X 

i 


D 

0 

B 


3 

y 






±1-5 

0 









GlUPIIS SYMSIKTRICAL TO Tiii; A-^KS 


4S 


jWdilioiial i)Omts cm 1)C plotted if de.--iic(l, ai:d a table coimtructod 
from the other form of the etjuation ; but the ]>C)iiits just plotti.il enahic 
us to draw ttio cim'c with fair acciirac}", as in Fi". .‘h!. 



This class of curve is called an ellipse. Any equation of the typo 
ay- -i- hi/- = 1, in which the co-eflicients of .r- ami arc both positive but 
of ditTerent a'alues will lead to an ellipse. Tlic .above equation is reduced 
to this typo by dividing through by 30, when it becomes 


*£j:. 3. — Draw the graph of 4;c’^-0i/-=:80. 

Write this in the forms j/= - 30 (1) 

nnda:=i:5;y./t)i/=-f-3G (2) 


It will bo seen from (1) that x cannot be numerically less than 3, hut 
there is no limit to the extent to which it may increase in magnitude, in 
fact a; may increase numerically from i 3 to ± m , and y from 0 to ± to . 
We shall attack this hy tlic method of § 42, viz. plot a few points for 
fitimll values of x. and y and also trj' to indicate the form of the curve at 
an infinite dtstaiice. 


In dealing with infinitely large values ofie and y in any equation the 
important tenns arc ahvay.s those of tlie/( 3 y/ 7 irsi! (Uyrcc, in this particular 
imtauce ix- ~^y~ anything else may be disrogaiaicd (compare last part 
ofg.qs and §39, K.v. 2, 3); so the form of the curve 4 ®='- 9 »-= 36 , at 
injinily, will be the same as that of the curve 


GBA. 


4 
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GHAPHS SYJBlETBICAIi TO THE AXES 


Now 4a;2-9j/2=0, or {2x+^y){2K-Zy)=^0, consists or a iiair of 
straight lines, viz. 2a;+3i/=0, 2a;-3y = 0 (see §13). 

As the curve approaches infinity, then, it approximates more and 
more nearly to these straight lines, and, in fact, these straight lines are 
asymptotes of the curve. 

To construct thegraph (1) drarv the asymptotes 2a: + 32/= 0, 2a: - 3?/ = 0; 
(2) plot a few points on the curve for convenient values of x and y, 
I'Omemhering that x cannot bo numerically less than 3, either positively 
or negatively ; (3) draw a curve freehand through the plotted points 

and malco it gradually approach the 
asy^miitotcs. 

To draw the asymptotes observe that 
2a: - 3?/ = 0 passes through the origin 
and also the point (3, 2), and 2.a: + 3?/ = 0 
jiasses through the origin and also the 
point (3, -2). 

The table necessary to draiv the cuiwe 
is hem given. 

This gives four points in the first quadrant, the corresponding points 
in each of the other quadrants can ho plotted by symmetry. The 
graph is shown in Fig. 34. 


X. 

3 

4 

5 

6 

y 

0 

1-8 

2-7 

3-5 



Values of jl 
Fig. 34. 


This class of curve is the hyperbola, not the rectangular hyperbola 
(which was shown in Chap. Y), whoso asymptotes arc at right angles 
to one another. Any equation of the type - 6i/- = 1, in whicli the 
co-efficients of x" and are of opposite sign will lead to a hyperbola. 
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li, tslirmld I'ft noticcil ospccinlly llml a- - = <?, wlioro c slants for 

nnj- miinl'cr, is a lij-pfrljola (not a circle) ; also since, tlin nsyiniitolcs 
a; + 1 / = 0 niul a; - ?/ =r 0 arc easily seen to be at right angles it will 
Iw a rcciangnlar liyiH'rbola. 

‘IS. GraiJlis symmetrical aTjout one aids only. — A 
graph Avill be nyniinetncal witli re.spcct to t!>o axis of a: if tlio 
only j>o«'crs of ;/ present are even poM'or.s', and, similarly, 
n graph will he .symniotricxil with respect to the axis of y if 
the only po\vor.s of x jn esent are even powers. '.I'liis should 
he clear from tho explanation at the beginning of § 47. 

For instance, tho gniph of y-= 2x + 4 is .symmetrical 



Values of x 
rr.=r,. 


uhont the axis of x, while tho grajdi of •{// -1- 2 is 
Hyunnctrical ahout the axis of y. 

We will now draw the graph of x” ~ ly -f 2 (Fig. 155). 

Notice first that -li/ + '2 inn.sl never be iiegalive, hence the nnineric- 
ally gn atest nrpilive v.aluo jmssihle for y is - A ; hut ij c.au Imvo any 
po'iitivc value. Now form a table so .as to plot some jioints on tho 
curve, and it will he licst to .a.ssign values to and from t lieao calculate 
the corro.sjionding valuM f<ir.r, wiilinga;= i ^/Ut i- 2. 



^ 1 

0 

i 

1 



5 

ty -i-2 

0 

2 

■i 

C 

10 

14 

22 

X 

0 

d-1M 

±2 

±2-1 

4 - 3*2 

- 1 - 3-7 

14-7 









GnAPHS SYMAtETRlCAIi TO TITE AXES 


Tlio fom of Uic curve is one wliicli lias 1)ccn seen lieforc, c. (j. § 8, 
Ex. 4, §25. - T!io cuiTo is c.illcd a pairiMrr, and will be obtained ns 
the giapli of equations such as jr = + 5, — cy + d, in which tlic 

second power of one of the variables only is present, the other v.ariablc 
being only of the first degree. It imist not be inferred tlwt this is the 
only form of equation by which a p.arabola may bo represented, but it 
is the most common, and should bo recognized. Isotice that such an 
equation as k- = - iy is included in the types given above. In this 
equation the values of y must always bo negative, i. c, the curve must 
be entirely below the axis of x. 

49. By inspection of the dingmins of the gi-.aphs drawn 
in § 47 it is cle.ar that if the centre of the curve (in the 
liyporbola the point of intersection of the asymptotes is 
called the centre) were moved along the axis of x either 
way, the curve would remain symmetrical with respect to 
the .a'-axis of co-ordinates wliile not symmetrical with 
respect to the i/-axis ; so if the centre wore moved along 
the y-axis the curve would be symmetrical with the axis of 
y only. 

As an instance of a graph symmetrical with respect to 
the axis of y, draw the graph of x- 4 y“ — 2y = 0. 


We shall find after plotting a few points that it is a circle (comparo 

the beginning of § 47). 

Write the equation .t = ± ^/2i/ - j/-. 

y cannot bo >2, and y cannot have a negative value or else tlio part 
under tho root sign would bo negative giving imaginary values for x. 

TJio followin" table is enougli to 
draw the graph, showing tliat tho 
centre of the circle (c) is at the point 
(0, 1), and the radius is 1. 











Values of x 
Fijr. 36. 


Tho gi-aph is shown in Fig. 36. 

Notice that this is an example of 
an equation witli no constant term 
in it, so that tho values x==0,y=0 
satisfy it, i, c. ^ tlie gi’aph p.asses 
through the origin of co-ordinates. 
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50. A curve is- said to be symmetrical in opposite 
quadrants if for every point {a, h) on the curve there is 
also a point on it whose co-ordinates are {-a, - b). Such 
a curve need not be symmetrical about an axis. 

This -will be the case if the equation of the curve remains 
unchanged -when the signs of both x and y are changed, 
as (for example) in the hyperbola xy = \ (see Chap. Y.), 
since if the point whose co-ordinates are (a, 6) is on tlie 
curve, then the point { — a, -h) will'be on it ; so also if the 
point («, -h) is on the curve, then the point (-a, 6) will 
be on it. 

Ex . — Draw the gi-aj)!! o[ ct? - y — Use the following tahlo. 


X 

-4 

-3 

-2 

i 

-1 ; 

0 

1 

2 

3 

4 


-G1 

-27 

-8 

i 

-If 

0 

1 

8 

27 

C4 

-12.« 

48 

3G 

24 

1 

12; 

0 

-12 

-24 

-3C 

-48 

y 

-IG 

9 

IG 

"i 

0 

-11 

-16 

-9 

IG 


Also wlieii y = 0, XT' - 12x = 0 ; i. e. x = 0, or x- - 12 = 0, i, e.- 
a; “ i 2 rj'6 = -i: 3*5. 

The graph is shown in Fig. 37. 



The correctness of the drawing can ho tested by placing a ruler 
throngh the origin, then corre.sj»oiidiiig pairs of j)oints in opposite 
quadrants should lie on it at equal distauces. 
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GRAPHS symmetrical TO THE AXES 


Examples YI. 


State whetlier tlie gi-aplis of tlic equations in questions 1 to C are 
symmetrical about both axes, or about one axis (and if so, which), or 
in opposite quadiants (and if so, which). 

1. aP=iy, 2. x*+aPy-—i. 

3. — ^=Sxi/. 4. jr=8x-2. 

5. 6. ar+2/“+2.c + 3=0. 

Draw the grajihs of the equations given in questions 7 to 28. (Tlio 
nature of the curve will be given in the answers, in most cases.) 


7. a? + 2r=5. 

9. 2.^-+3)/2=:5. 

11 . ( la + y — 6.^•+8 = 0 . 

13. a'= + 2i/=4. 

15. {x + y)-=A. 

17. 4a“+2r>=:l. 

19, 9?-¥y—2x. 

21. a?-ty=2.T + 5. 

23. i/=!=(.r-l)(.r-2)(,c-3). 


*8. x^-2fi=5. 

* 10 . 2)?-Zy-=8. 

12. .a“+?r+3y+l=0. 

14. y"+4a!=4. 

10. {x-yf=8. 

18. 5a'=+C)/2=l. 

20. a?-y=2x. 

22. x^-y=2x+5. 

*24. y=>={x-l){x-2){x-S). 


*25. y- 


27. ?/ 


. (■r-l)(.x-3) 

x-i 

,o_a:-(ar- 4) 

To 


*20. 

28. 

25 


Prove by geometrical argument that : — 

29. The graph of the equation x~+y=c- is a circle whose centre is 
the origin and wliose railius is c. 

30. The graph of the cruiation a3?+aiy=lr is a circle whose centre 
is the origin and whose raoiirs is b/ fja. 



CHiVPTER VII. 


SOLUTION OF SIMULTANEOUS EQUATIONS, 

51. To Eolvo a pair of simultancons equations graphically 
tlio method in every ciise is the following : draw tho graph 
of each of the equations, taking the same origin, axes of 
co-ordinates and scale for each, then measure the co-ordin- 
ates of the point, or points, at which the graphs intci’sect. 
The co-ordinates of this point, or points, will be the 
solutions, the .-c-ordinato giving the value of x, and the 
j/-ordinato the value of i/. 

The reason for this is that since any point at which the 
graphs intci-sect is' on each graph, the co-ordinates of such 
a point satisfy the equation of each gnaph, hence these 
co-ordinates are solutions of the pair of simultaneous equa- 
tions. Again, no point which is not on both graphs could 
satisfy both the equations. Hence nil tlio real solutions 
arc given by the co-ordinates of the i^oint, or 2 ’oiuts, of 
intersection of the graphs. 

It may happen that the equations given are inconsistent 
with one anotlior, in that case the gra^dis will not intei’sect 
and there will bo no common solutions to the equations. 
Also if equations h.avo imaginary solutions, these will not 
be slrowm, since the graphs only mark real joints. 

52. Simnltoneous Equations of tire First Degree. 

Ex . — Solve grapliic.ally tlio cipiations 2a;-l-Sy=C, ix-y=\. 

Draw the gnijili of 2.b-)-.‘5,v=C. Tliis jnny bo done most quickly by 
marking the i)Oints at wliiob the lino crossos the axes. Tims when 
z=0, y=2 ; and when ?/=0, a:=3. Theso two points (0, 2) and (3, 0) 
nro Eullicicnt to dolcnnino the line. Then on the .same ligure draw the 
graph of 4x-t/r=i, Tliis passes Ihrongh the points (-25, 0) and 
( 0 ,- 1 ). 

In order to get an accurate result wo have taken a largo scale, and 

cr. 



56 


SOIiUTION OF SIMULTANEOUS EQUATIONS 


wo SCO (Fig. 38) lliat tho graplis intereect at tlie j)oiiit wliose co-ordin- 
ates arc '04, 1'57. This point is on hoth linos and is the o?;?;/ point 
common, licncc a;=‘64, y=l'57 arc the solutions of the simultaneous 
equations. 



53. Siiimltaneous Eq.uations of Higher Degrees. — 

Again the same method is to bo adopted, viz. to draw the 
graphs and find the co-ordinates of the point, or points, of 
intersection ; tho only practical difficulty arising is to draw 
the graphs with sufficient accuracy to got the points of 
intci-section correctly. Often a large scale must be adopted 
in order to show the point of intersection clearly. 


FOLUTIOX OP Sl.MULTANKOUS EQUATIONS 


Wo may linve to <lo with a lino (if ono of tlio equations 
is of the firsi dcgrco) nml a curve, or two curves, and those 
may intci*scct in so%-cral points, or toucli ono nnotlicr, or 
may not meet at all, 

'J'lie most useful mso is that in which b}’ the. graphical 
method wo are enabled to solve equations whoso roots are 
diflicult to find by ordinai-y algcbi-aical methods. 

/>. 1. — rind apiiroxinntcl}' the roots of tliu .siniultaneous equations 
K4-J/=r2.V»:^~2>/=l. 



I i I I I 


nr 

___ 


_UL1_ 

- 1 - 1 + 


- 2-10123 
Values oj sc 

I'ig. ay. 

For the line :i;-! j/= 2, observe tliai it passes tlirongh tlio points (2, 0) 
and (0, 2). Use the t.aldo below for Ibc graph of 2)1 = 1. After 
plotting a few points it, is clear tbe.l not innch need bo tlrawn ; 


- ... — 





— 


X 

“ 


0 

1 

2 

3 

sr*-l 

-9 

-2 

-1 

0 

7 

20 

V 

-‘fr> 

-1 


0 

nA 

13 


and notice that ns x increases negatively so docs r/, and as x increases 
]>osilivcly y increases iiositivelj-. 

TJin graphs arc shown in Fig. 39, the scale for x being taken 
five tunes as largo .as that for y, since y increases in value much 
jnore lapidly than x. It is diOicnlt to get the co-ordinates of tho 
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SOLUTION OF SI51ULTANEOUS EQUATIONS 


point of intersection very accurately, the values obtained in the 
figure are a;=l'35, y= '65. 

Ex. 2. — Solve gi-aphically tbo simultaneous eq^uations ar*+2/-=12, 
2?/=4, 

The griqfii of ar“+2/^=12 is a circle, centre at the origin and 
radius ,^12, say 3 ‘46. This should bo obvious from Chapter YI., 
but even if not, a table can bo constnicted as in § 46 and the curve 
drawn from the table The graph of x“+2y=i is a parabola sym- 
metrical about the axis of y (see 
Chapter VL, § 48). 

Since the equation may bo written 
a;-=4 - 2y, it is clear that the greatest 
possible posUivc value of ?/ is 2 ; but 
y may have any less positive value or 
any negative value. To form a table 
of values write the equation in the 

form y=~ ~ .-—. 

2 

On drawing the graphs as in Fig. 40 we see that they interaect at the 
points (2 "8, - 2) and ( - 2‘S, - 2). 


z 

0 

±1 

±2 

±3 

4-.ar 

4 

3 

0 

— 5 

y 

2 

1-5 

0 

-2-5 



VaJxies of X 


Fig. 40. 

Hence the solutions arc .t:=2‘8, - 2'8 
2 /=- 2 , - 2 ._ 

If W'e solved tliese equations algebraically, we should also obtain two 
imaginary values for a; when 2/=4. These solutioiis.arc ijot shown by 
the graphs (see § 51). 
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ExAHrws VII. 


Solve the following cq^ntilions grapliically, anil verify your solutions 
algebraically. 


1 . 

= 1 J 

3. 3.i'-i-2//=S\ 
2.r-3y=lJ 

.n. 

[,.r ~ ' 2,1 =zG} 


7. 2>'4-?/= 
a-+ 

0. j/= 




:.V- + 1\ 
ar + 2;=2 / 

n. a^ + i/i=8\ 

x-ii ~2 / 

•13. x^-ip=:’i\ 

2 j.' + i /=5 / 

I.*-,. .t^+;/“=]G 1 

aj/=0 / 

17. a-'>+2.v = 2\ 

2l/-<-3.r = -l/ 

•10. v‘’ + -l'r-2a:=0\ 

= .'■,(/ / 

•21. ;r-'-i/ + l=0 \ 

a.“+!/--a:-2.i/=0j 


2. 7/=9-3; \ 
= 2j--CJ 


2 / 


4. 3.t:-.';v=0 1 
3,c + .>■.(/ =30/ 

«■ 

!*+./=! J 

8. 3.e-?/=2 1 

10. 3? + 2 i /=1 \ 

•Ji/-:i;-2=0J 

12. .a- + 2/-=. 'll 
l/-Zv-5f 

*14, a“-4J/- = 4\ 

3 j- + 8/ 

IC. 3.-4-2/--1.«=8-G 


} 


} 


IS. ?/'-2r=3 
S!i-x=z 6 

*20. a-''-3.>^ + »/-0\ 
?/+12a-=2S / 

*22. a:=(/ = 4 \ 

a.--7/> + 3 = 3a-/ 



CHAPTER VIIL 


ON THE SIMPLEST GRAPHS PASSING THROUGH 
GIVEN POINTS. 


54. When certain points have been plotted, it is often 
desirable to find what is the equation to the simqjlest graph 
that can be drawn through them. 

When only two points are given, say, {a, b) and (c, d), 
they can be joined by a straight line. Suppose y=p.v + q is 
the equation to this line (where ^’^d q are some constant 
quantities which have still to be found). Then since the 
equation is to be satisfied by x — a, y — h, we have 

^ h^.pa^rq’, 
similarly d =pc + q. 


I Solving these simultaneous eqiiations ^ for p -and q, we 

« j h — d'ad~ he 

find p— , o = . 

a—c a—c 

Thus the equation to .the graph is known, viz. — 

b — d ad - be 
y= -- . a: + - 


a - 


a- c 


55. Graph through Three Points. — When time points 
are given, say {a, b), (c, d) and (e, /), it will generally be 
impossible to draw a straight line through them all. TJiere- 
fore in the equation to the graph joining them, y cannot 
have such a simple form as qm-^-qy the form for y that 
would come next in simplicity is y — rx^+2^^ + Q> containing 
in addition a term in (nob in or etc., wliich are 
more complicated than a;"). 


* These equations maj’^ be inconsistent, in wliich case tlie equation to 
the line is not of tlic fonn y=.px+q, but of the only foini not included 
jjl that viz. x=p. See Ch. II. § 14. 
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If tills Is the equation to the gi'aph, then, since it is 
satisfied by x = a, y = h, 
ive have h = ra- +pa-¥q’, 

similarly d — rc“ +JJC + q, 

and f =re- +7:6 -{-q. 

Tlius there arc three equations, of the first degree, for 
finding the three unknown constants p, q and r. These can 
easily be solved when a, b, c, etc., are given numerically, 
and then we have found the simplest function of x (viz. 
iKc- +7xr 4- q), the graph of which will pass through the three 
given point.s. 

The method of solution shows that in any given case 
there cannot be several values found for 71, q, r, but only one 
value for each, since the equations from which 71, q, and r 
are derived are of the first degree. 

Hence there is only one equation of the form 
2/ = r-ir +7XC + 7 such that the graph con-e.sponding to it 
ivill pass through the three given points. The gi'aph is a 
} aiabola (§ 48). 

Similarly, if v/ is a function of the third degi'ee in x, the 
corresponding gi'aph can be made to pass through four 
given points ; and generally, if y is of the (n - l)tli degree 
in X the con-esponding graph can be made to pass through 
n given points. 

Ej :. — Find the equation to the sini])lcst graph through the points 
(0, -3), (1, 0), (2, 3). (3, 6). 

Assume as the equation to the graph (see end of § 55) 

y-y.v'-'i-qyr-vrx-^-s. 

Substituting successively the above pairs of values for x and y we 
have 

-3=s (i) 

0 =p-}-< 7 +r+s (ii) 

3 = 8p + 4i7+2rT-s (iii) 

G=277>+9g + 3i-+s (iv) 

Eliminating r between (ii) and (iii), and substituting for s from (i) we 
have 

3p+g=0 (v) 

Eliminating r between (ii) and (iv), and substituting for s from (i) wo 
have 

471 + 2=0 . . ...... (vi) 
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ON THE SIMELEST GHArilS 


Solving (v) (ind (vi) wo find p=q=Q. 

■\VJicnco nnd from (ii) r=^ -s = 3. 

Tims llio equation to the i-cquircd grapli is 

y—Zx- 3. 

’Whence the four given points lie on a stmight line. 

In otlicr examples the values of y and q may not he 0, and Wo then 
get au equation of higher degree in x. 


liXAMPLES Vlll. 

1. Find the cqualion to llic simplest graph pa.s.siiig through tlio 
points given : 

(i) (2, 1), (1, -21. (ii) (2, -1), (-2, 1). (iii) (2, 1), (2, 2). 

(iv) (1. 2), (2. 2). 

2. Find the simplest function of x whoso grajih jiasses through the 
following points : 

(i) (0, -2), (1, 0), (2, .1). (ii) (0, -3), (1, 2), (I O). 

(iii) (0. -2), Q, -y), (-], -?). 

(3-’ ~t)’ ft-') 

(«■ 1} {-I ft (I 1) 

(Vi) ( 1 , -ft (-2, -1), (4, -4). 

3. Prove that the four points 

(-2, 3), (-1,1). ( 1 , -ft (2, -1) 

arc on a graph whose equation is of the fonn y^aof + lrx+c, and draw 
the graph. 

4. Prove that the four points 

(1, -Si), (2, -6), (-2, -13), (3 4i) 
satisfy an equation of the form 

jr = nar’ + for + CO + <? 

and draw the graph, plotting additional points from the equation.- 



ANSWERS 


4. 

9. 

10 . 

11 . 


6 . 

7. 

11 . 

15. 

17. 

19. 

21 . 


EXAMI'I.IIS I. (/’.T£fc! 5.) 

no-25, ni'.55, 32-55. 8. -i-gi. 

Between .stations 2 ninl 3. 

Between statioii-s 1 and 2. 

o gall. 12. 3 ; 3 per min. 

KxAMrr.t:s II. (/Vj/e. 20.) 

(i}l/=j-+3. (it) u- -x-i-T. (iii) f/= -r, + 3. {iv)j/=-j^^- 


ItJ 


8. 15;;, 371. -40. 


9. j; = ‘-J-i-32. 
f) 

12. 121, 102, 85, 

.1 


IC-M. 

Tlic reading 5)5-0 is too large, 

12-2.5, -.578, 2-C5, -SO I. IG. 3->l ft. 1 ^ .sees. 

,*)0-7 fl., C-G7 ins. 18. 1-20 sip ft. 

0-0 cni). ft. 

a~ -5-10, 5= -0. £172 10,.-., XM.5 (!.s.,S(f., £02 lOr, 


(i) mitt, 
(iv) max. 


Exami’(.v..s hi, (Piurc 28.) 


(tit) max. 0. 


(ii) min. -'j. 


j.;. (v) min. 0. 

(i) min. - 3, max. 1. 

(iii) min. 0, ni.ax. A 


, 0 . 

(vi) max. ; mm, -1, Iwieo. 

(ii) min. 0, max. 1, 

(iv) min. - -385, max. -385. 


(v) min. -<1, ma.v. -8. (vi) min. 2, max. -C, 

max. 25. 4. l l, I00sfi yds-. 6. 12 in. 

.'!] 1 -1 yiH. 7. 50 .sip in. 8. 5-650 in. 

207-8. 10.50-2502-0. 11. 00-22 cult. ft. 



ExAMi-i,r..s IV. (J’,v/c 30.) 



1. --2.5. 

2. l--j. 3. -1, -2. 

4. 

0, -5. 

6. -5, -2. 

9. Iinaginary 
13. 20, -15. 
15. (i) -1, - 

0. -7, -1. 7. 3. 

8. 

--5. 

. 10. Iiiinginai-j. 11. -.1, - -0. 

14. 17-2, 10 -.5. 

3. (ii) -2. (iii) -5, -4-5. 

12. 

1-7, -3. 

1C. (i) 1-7, - 

1-2. (ii) i, (iii) 1-.5, -1. 

17. 

1. 

18. -1. 

19. 1-0, --0. 20, 1,-2. 

21. 

-1. 

22, -1, -2. 

-3. 23. 1, --.5. 

03 

24. 

•5. -1. 
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Examples T. {Pa.jc 45.) 

1. -1, 1 2. -1, 3. 3. 1. CO . 4. 1, 0. 5. 0, 1. 

6. -03.1. r. 0. . 8. oo. 9. -CO. 10. 0. 

11. 1. 12. 03. 13. -1. 14. -3. 


Example.? YI. {Page 54.) 

1. S 3 Mnmolrical .iLont a.^is of y. 2. Sj-niinelric.'il about both .axes. 
3. Xon-symmctncal. 4. Symmetrical about axis of .a-. 

' 5. Symmetrical in opposite <iuadi-ants. 

*6. Symractrioal about axis of .f. 7. Circle. 

8. Ilecfatigular Hyperbola. 9. Ellipse. 10. Hyperbola, 

11. Circle. 12. Circle. 13. Parabola. 

14. Parabola. • 15. Two straight lines. 

16. Two straight lines. 17. Ellipse. 18. Ellipse. 

25. Hyperbola. 26. Hyperbola. 


Examples YII. {Page 59.) 

(Jlost answers are given only to one decimal place.) 

1. a'=l, i/=2. 2. .'e=5, ?/=4. 3. p=3. 

4. s;=5, j,'=3. 5. a;=l‘6, y=l. 6. .'e=S’S, ?/= -1‘2. 

7. Ho solution. 8. Ho solution. 

9. x='6 or -I'C, ^=1*4 or 3*6. 10. :r=0 or - *5, g—'S or ’I. 

11. x='2-7 or J/ = ‘7 or-2‘7. 12. s:=-2, p=i. 

13. a;=:4‘S or IT, ?/= -4'6 or 1’2. 14. .r=2T, g='S7. 

15. a;=:i3'6or il’6, »/=+l-6or i3’6. 

16. x=o'5 or '85, y= - '55 or -3'4. 

17- .'«=1 or -2, g='5 or 5. 18. .■):= -15, y= -3. 

19. .t:= 0, 2‘.5, or -12'5, i/=0, 1 or —5. 

20. x=2, 4-3 or - STS, y—i, —23*2 or 67 '4. 

21. .r=l or - 'oS, y=2 or 'SI. 

22. .r=2 or -1'2, y=l or 2'8. 


Examples YIII. {Page 62.) 

1. (i) 7/=3.?;-5. (ii) y=-|. (ui) a;=2. (iv) y=2. 

2. (i) ar+.'i;-2. (ii) 2ar-a:-3. ' (iii) ^3rT-a;-2. 

(ir) .3 .l--|.t-| (Ti)-ia:-2. 

3. a=^, 5= -1, c=-l. 

4. a=|6=0, c=0,tZ=-9. 
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mB UNIVBESITY TVTOMIAL SBltlBS. 


tlutoilal Series. 


Qenefal BAilor : Y/M. Bmggs, LIi.D., M.A., P.O.S., F.E.A.S. 
Classical Editor : B. J. HA.CTS, M.A. 


Tho object of the UNiTEESiTr Tutoetal Semes is to provide 
candidates for examinations and learners generally witli text-hoolcs 
vliicli shall convey in the simplest form sound instruction in accord- 
ance with the latest results of scholarship and scientific research. 
Important points are fully and clearly treated, and care has heen 
taken not to introduce details which are likely to perplex the ho- 
ginnor. 

The Puhlishcr will ho happj' to entertain applications from School- 
masters for specimen copies of any of the hooks mentioned in this 
List. 


SOME PRESS OPINIONS, 

“This series is successful in hittinu its murk and supplying much help to 
students in places vheio a griiding hand is sorely needed.”— Jo, irnnl of Hdwniion. 

“ Many editors of more pretentious books might study the methods of the ‘ Uni- 
versity Tutorial Series’ with profit.” — Guardian. 

“The ‘University Tutorial Scries’ is favourably known for its practical and 
workmanlike methods.” — JPublic Schools Tear Soob. 

“ The series is eminently successful.” — Spectator. 

“The classic-al texts in tiiis sei-ies are edited by men who are thoroughly masters 
of their craft.” — Saturday Jlcvtctu. 

“Tills series of 'educational works has been brought ton high level of efficiency.” 
— Educational Times. 

“ The more we see of these excellent manuals the more highly do we think of 
them.” — Schoolmaster. 

“ Tills useful series of text-books.” — Nature. 

“Any books published in this series are admirably adapted for the needs of the 
large class of students for whom they are intended.”— Cam in Jye Seview. 

“Clearness in statement and orderliness in arrangement characterise the publica- 
tions of the University Tutorial Press.” — Oxford Magazine. 

“ All books which issue from the ‘ University Tutorial Press ’ are both scholarly 
and practical.” — Westminster Jievicto. 

“The volumes of the ‘.University Tutorial Series’ are distinguished by great 
practical method and knowledge of teaching.”— Publishers’ Circular. 

“ Thoroughly reliable scholarship, literary power, and the true teaching faculty 
invariably oharaotcriso the publications of the ‘ University Tutorial Press.’ ’’—Edu- 
cational News. 
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flDatbeinatics ant) flDccbanics. 

Algebra, The Iscvr UatTicnlation. Adapted to London Jlntricii- 

lation, and containing a Section on Graphs. I’y R. Dkakfn, 
M.A., Ileadma-sicr of .Sfourl-ridgo Grammar Sriiool. 3s. Cd. 
Matriculation Advanced Mathematics: Algebra and Geometry. 
F/iitod by Wm. Bhigor, LL.I).. Jl.A. ds. Gd. 

Algebra, Tlio Tutorial . ,\nv.\N'Ci:D Cocr..';i;. Bj* Wjr. Briggs, 

LL.1)„ M.A., nnd G. U. Brva.V. Sc.D., F.R.S. Gs. Gd. 

" All the se-unUy jtna-iat'-l wilh ii iviviici"i ntpebra arc here given, ■with 

proofs of ri'ni.arti’.l'lo tun o aini tlparnc's.”— 

Algebra, A Middle. Br Wm, Bi-jggs, LL.D., M.A., F.R.A.S.. 

and G. H. BltYAK. Sc.D., .M.A., F.R.S. 3s. Gd. 

Graphs: 'Iljo Graphic.'!! Repn-sentitioii of .\lgebniic Functions. (Con- 
tained in 7V;<- Knf MnU-icuhtioH Algihra.) By G. 11. FeeN'cii, 
JI.A., and G. O.snoRN, 31. 3fathein.atif3il blasters of the Lovr 
S chool. Cambridge, I'd. Limp Cloth, Od. 

Arithmetic, The Tutorial. By AV. P. AVork.'IAK, M.A., B.Sc., IIc.ad- 
master of Kingswood Seliool. (AVith or witlinnt AnS'wei's.) 4s. Gd. 
“DfSiaeito juj'cr-t'.lp nil other fecor.d'iry treatire? on the tubjett.” — ITctf- 
tnintitr JifritK, 

Arithmetic, The- School. By AV. P. AfoRRMAhA AI.A,, B.Sc. (With 
or Avilhoitl Answers.) 3s. Cd, 

"Theloolt it of n very high order of merit.”— n’or/rf. 

Arithmetic, The Junior. Adapted from the Tutorial Aril^mriie by 
R, H. CiiorR, B.iV. (With or without Answers.) 2.s. Gd. 
ExccUent ." — TtiSiiemiouat Tiroes. 

Arithmetic, Clive’s Shilling. [Awr/y raaifi/. 

Astronomy, Elementary Mathematical. By C. AF. C. Bart.OW, M.A., 
Lend, nnd Camb., B.Sc. Lend., nnd G. II. BuYAK, Sc.D., M.A., 
F.R.S. S'c-onel JAitioii, with -Answers. Gs. Cd. 

*’ \ good intro'udion to Matiiemniical Astronomy." —Giiardirtii. 

Boot-keeping, Practical lessons in. Adapted to the. requirements of 
the Society of Arts, London CharnbiT of Cominoirc, Oxford and 
Cambridge F/jcal.e, etc. ByT, C. .TacksoX, B.A., TJ/.B. 3s. Gd. 
“AYell-aaapte<l for tc/icliing jmri! 0 '>-<, CTat.nining .as it ilora a con!!iilcnih!e num- 
5>cr of useful cx-rnlyle^ nnd dci-idcdly lucid detcriptions.” — TAe Arroioifna/. 

Book-keeping, Junior (or Tho Preceptors’). By T. G. Jacksox. 
B.A., LL.B. Is. Cd. 

The Eight Bine and Circle (Coordinate Geometry). By Da. 
Briggs and Dr. Bkyax. Thh-d J-AUion. 3s. Gd. 

“ It h thoroughly found llirouchout, nnd indeed dc.als with some difiinilt pointi 
withaclearr,e«inudaccur3cyUiKtl!.'isj!ot,'weIie!it!TC, bccnfcurpn.swd.”— fdi/cafioa. 

Coordinate Geometry {The Conic). ByJ.II. Grack, ALA. Camb., 
nnd F. Rosi:.vi)KUg, ALA. Camb., B.Sc, Ijond. 3s. Cd. 

"Tlie chfijitcn' on frystems of canics, envelope?, nnd hannonic section aro a 
vtiluablo addition to sehoharship students.” — f7tjordinn. 
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/Hbatfjematics anb ^ecbattics — contintteH, 

Dynamics, The Tutorial. By War. Bkiggs, LL.D., M.A., F.G.S., 
F.E.A.S., and G. H. iluYAN, Sc.D., M.A., F.E.S. Seeoud 
Edition, Revised and Enlart/ed. Ss. Cd. 

“In CTcry ■way most suitable for the use of bceriiincra, the initial didiculticn 
being fully explained and abundantly illustrated."— ./oiavm/ of Rduention. 

Euclid.— Books I., II. By Eurinx Deakiit, M.A. Loud, and Oxon., 
Ileadmnslor of Slourhridgo Grammar School. With Prohlcms in 
Practical Geometry and an Introductory Chapter on Dm'wing and 
iMca.suromcnt. Is. 

Euclid.— Books I. -IV, By IlnPEiiT M,A. With Prohlems 

in Practical Geometry and an Introductory Chapter on Drawing 
and ]Me.asurcment. 2s. Gd. 

“1110 propositions are well sot out, and useful notes are added. The figures and 
letterpress are both rvell printed.” — Cambridge JfenVir. 

Euclid.— Books V., VI., and XI. By Eupeut DEAKllf, M, A. With 
Prohlems in Practical Geometry. Is. Cd. 

Geometry, Deductions in. A Collection of Eiders and Practical 
Problems. By T. W. Edmonbsok, B.A., Ph.D. 2s. Cd. 

Hydrostatics, The Matriculation. By Wit. Beiggs, LL.D., M.A., 
and 6. 11. Buyan, Sc.D., F.E.S. 2s. 

“An excellent text-book."— /oHninf of Rducation. 

Mechanics, The Matriculation. By the same authors. 3s. Gd. 

“ It is a good bonk— clear, conci.se, and accurate.” — Journal of Rducation. 

“ Affords beginners a thorough grounding in dynamics and Btatic.s." — Knowledge, 

Mechanics, Junior (or The Preceptors’). By F. Eosenbehg, M.A., 
B.Sc. 2s. Cd. 

“The book possesses all the usual characteristics and good qualities of its 
fellows.”— iSc/ioo/iimsfcr. 

Mensuration of the Simpler Figures. By Dr. Wir. BiilGGS, and 
Dr. T. W. EnJtoypsON. Third Edition.- 2 s. Cd. 

Mensuration and Spherical Geometry: Being jMonsuration of the 
Simpler Figures and the Geometrical Properties of the Sphere. 
Specially intended for London Inter. Arts and Science. B 3 ' 
the same authors. Third Edition. 3s. Cd. 

“^le book comes from the hands of experts; ■we can think of nothing better 
qualiOcd to enable the student to master this branch of the syllabus, and to 
promote a correct style in his mathematical manipulations.” — Schoolmaster. 

Havigation, Modern. By Wli-tiAst Hael, B.A., E.N. Gs. Gd. 

“ A valuable ndditiosi’ to the text-books on navigation." — Maritime Review. 
Statics, The Tutorial. By Dr. Wm. Briggs and Dr. G. H, 
Br'YAN. Third Edition, Revised and Enlarged. 3s. Gd. 

“This is a welcome addition to our text-books on Statics. The treatment is 
sound, clear, and interesting.”— ./oHrnnfo/jPdMcnfton, 
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^atbemattcs aub /ibecbantcs — continxiei. 

Trigonometry, Junior (or The Preceptors’). By Wjr. Bkiggs, 
LL.D., M.A., and G-. H. Beyax, Sc.D., M.A., F.R.S. 28. 6d. 
“The explanations are clear, and the iUukrativo examples well selected.” — 
Guardian, 

Trigonometry, The Tutorial. By Wsr. Briggs, LL.D., M.A., 
P.B.A.S., and Gr. H. Betan. Sc.D., M.A., F.K.S. Ss. 6d. 

" 'Xhe book is very thorough.” — Sehoolmasler. 


Analysis of a Simple Salt. With a Selection of Model Analyses. 
By Wji. Briggs, LL.D., M.A., P.C.S., and E. W. Stewart, 
D.Sc. Lond. Is. Gd. Tamles of Analysis (on linen). 6d. 
“Theeclection of model analyses is an excellent feature ,” — Educational Timet. 

Chemistry, A Preparatory Course in. By G. H. Bailey, D.Sc., Ph.D. 
Is. 6d. 

Chemistry, A Safe Course in Experimental. By W. T. Boone, B.A., 
B.So. 23. 

Tiiis is not a text-hook of Clieniioil Analysis, hut a practical course 
designed to illustrate the fundamental laws and principles of the 
subject. 

“ Quito up to the standard of the best of modem elementary books on practical 
chemistry. The book desetros a good reception.”— jVntHrc. 

Chemistry, The Tutorial. By G. H. B.viLEY, D.Sc. Lond., Ph.D. 
Heidelberg, Lecturer in Chemistry iii tho Victoria University. 
Edited by Wat. Briggs, LL.D., M.A., F.C.S. 

Part I. Non-Mebils. 3s. Gd. Part IL Mebils. 3s. 6d. 

“Tho descriptions of experiments and diof^rams of ajiparatus arc very good, and 
with their help a berinner ought to be able to do the experimental work ciuito 
satisfactorily /’ — Caiiihridfjc llcview. 

The Kew Matriculation Chemistry. By G. U. Bailey, D.Sc, Lond., 

I’h.D. Heidelberg, Lecturer in Chemistry at Victoria University. 
Edited by Wir. Brigg.s, LL.D., M.A., F.C.S., F.E.A.S. 6s. 6d. 

Carbon Compounds, An Introduction to. By R. H. Adie, M.A. , 
B.Sc. 2s. 6d. 

“To students who liavc already a slight elementary acquaintance with the 
subject this work cannot fail to afford valuable assistance.” — Nature. 

Chemistry, Synopsis of Ron-Metallic. With an Appendix on Calcu- 
ktions. By Wji. BRIGGS, LL.D., M.A., F.C.S. Is. 6d. 
“Arranged in a very clear and bandy fonn .” — Journal of Education. 

Chemical Analysis, Qualitative and Quantitative. By Wji. 
Briggs, LL.D., SI. A., F.C.S., andR. W. Stewart. D.Sc. 3b. 6d. 

“The instructions are clear and concise. The pupil who uses this book ought to 
obtam an intelligible grasp of the principles of analysis.” — Nature, 
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THE miVEMITY TUTOEIAL SEEIES. 


IPbijafcs* 

THE TUTORIAL PHYSICS. By R. Waxlace Stewabx, D.Sc. Lond., 
First in First Class Honours in PIi 5 ’sic 8 at B. Sc., and E. Catcii- 
POOL, B.Sc. Lond., qualified for the University Scholarship ' in 
Physics. In Four Volumes. 

I. Sound, Text-Book of. By E. Oatchpool, B.Sc. ^th Edition, 
CoNXENXS : — Yihratory IMotion — Progressive Undulation. — Velocity 

of Sound — Intci-forencc — Forced A'^ibration — ^Fourier’s Theorem — The 
Ear and Hearing — Beficction of Sound — Stationary Undulation — 
Vibration in Pipes — Transverse Undulation — Acoustic Measurements. 

II. Heat, Higher Text-Book of. By R. "W. SiEU’’Aiix, D.Sc. Cs. 6d. 
CONXENIS : — Thermometry — Expansion of Solids — of Liquids — 

of Gases — Calorimetry — Liquefaction and Solidification — Vaporisation 
and Condensation — Hygromotry — Conduction, Convection, Radiation 
— The First Law of Tlionno-Dj'namics — Graphic Methods. 

III. Light, Text-Book of. By R. AV. SlEWAEX, D.Sc. Third 

Edition. 3s. 6d. 

CONXENXS : — Rectilinear Propagation of Light — Shadows — ^Photo- 
metry — ^Reflexion at I'lano Surfaces — at Spherical Surfaces — Refraction 
at Plano and Sphoiical Surfaces — ^Refraction through Prisms- and 
Lenses — Disporaion — Velocity of Light — Optical Instruments. 

IV. Magnetism and Electricity, Higher Text-Book of. ' By R. AV. 
SxEWAEX, D.Sc. Gs. Gd. 

Contents:— Elecijiosxaxics. — Electrification —Induction — Dis- 
tribution on Conductors — Frictional Jlachinos — ^Potential and Capacity 
— The Electric Field — Condensers — ^Electrometer*— Specific Inductive 
Capacity — Induction Machines — ^Electric Discharge — ^/Hmospheric 
Electricity. MAGNETlSJr. — Fundamental Phenomena and Theory — 
Simple Aleasuremcnts — Terrestrial Magnetism — ^Magnetisation — ^The 
Magnetic Field. OuRUEKX ELECTiacixr. — G enernl Effects of Currents 
— Ohm’s IjUW — ^M easurements of Capacity — Chemical Effects of 
Currents — Heating Effects — Electromagnetic Induction — Measure- 
ment of Inductance — Alternating Currents — Electric AVavos — ^Electric 
Units — Thermo-Electricity — ^Practical Applications. 

Matriculation Physics : Heat, Light, and Sound. By R. AV. 
SXJAVAHT, D.Sc. Lond., and John Don, M.A., B.Sc. Lond. 
4s. Gd. 

“ A student of ordinary a^bility wlio works carefully tlirougk this took need not 
tear the cxnrnm!ilion.’’—Se//aa////os/rr. 

"The authors stow thcTusclvesiitlc to explain in a helpful manner.” — Ediicn- 
tionat Times. 

HEAT AND LIGHT, ELEMENTARY TEXT-BOOK OF. By R. AV. 
SxEWAlix. D.Sc. Lond. Third Edition. 3s. Gd. 

“ A welcome addition to n useful series .” — School Giinrdian. 

Heat, Elementary Text-Book of. By R. AV. SxEWAitx, D.Sc. Lond. 2s. 





TEE UEIVEESTTY TUTOllIAL SERIES. 


Botnny, Tho New Matriculation. By A. J. Kwaht, D.Sc. 3s. Gd. 

Botany, Test-Book ot By J. M. LowsoN, M.A., B.Sc., F.L.S. 
Third Edition. Gs. Cd. 

“ It rcprcjptit.'! t!io nearest npproadi to tlio ideal botanical text-book that has yet 
been jireilucotl." — J’hnnnnttulifnl Journal. 

“An excellent book.” — Gunntinn. 

“A TTorkmanlike and Trelt BrndeU introduction to tho rabjcct."— 5co(jman. 

Zoology, Test-Book of. By II. G. Wku.s, B.Sc. Bond., F.Z.S., 
F.C.P. Enlarged and Revised l»y A. M. D.vtie.s, B.Sc. Lond. Gs.Cd. 
“The information .ajiiijarfi to bo nrcU up to date. Students -will find this work 
of ibe irreat<'“t ^L•rs*i'^C' to Jlfvieiv. 

‘*Thi’? boolc is n feniccc.'v% find Fhould become the trorl: for tho 

I^oiulon Intennotlinte K’citniimtiAn*. It is carefully ^mttcll throiijrhout, clear and 
conehc, and yet is cxircincly interesting reading/* — Glaxr;otr Jlcrcild. 

Biology. Test-Book of. ^Vitl^ Plates nnd miinerou.s fl'.icstions. Bv 
U. G. Wi:i,i.s, B.Sc. Bond., F.Z.S., F.C.P. , with .an Intro- 
duction By G. .B. nowra, F.L.S., F.Z.S. In Two Parts. 

Part I., Vcrtchrnto,s. Third Edition. 2s. Cd. 

Part II., InvertoBratc-s nnd Plants. 28. Cd. 

“It is well nrranj:ed. nnd cont.sins tiio lu.attcr neec5*aiy in a conci“o nndlogioii 
order.’’— .tcnn'iiol of Jultinitinri, 

“ it r. Wells’ practical oxiierienco sliowa itself on every pago; his desciiptions 
are short, lucid and to tho point.’’— AV.vcofiono/ Times. 


nDobern 1IM6toi*\). 

Matriculation Modern History. Being tlic History of Eiigl.aiul 
llSd-lOOl, with some rofcronco to tho Contoinporar}' lli.slory of 
Europo and Colonial Bevelopinouts. By C. S. Fi';.\iti;x.sii)i:, 
M.A. O.xon. 3 b. Cd. 

"An excellent manual. Tho iulcnialional lii-torj", c.spocially in tho eiphtcentli 
ccnfuiy, where most tcxt-hoole; Mil, is very carefully treated.’’-^A’i'<io£)f irurhl. 

" A work that jrives evideneo of s'-hol.arsliip and clever adapf.ibility to a .special 
pTirpos-o.nnd on tho production of wlii-Ii much care, forethought, nnd jiaticnt labour 
have evidently been c-vjiondcd.’' — GnarJian. 

The Tutorial History of England (To 1901). By C. S. FruiiEb*- 
SIDE, JLA. Oxon. ds. Cd. 

"I’rovidcs a good working cour.se for schods.” — Guardian. 

The Intennediate Toxt-Book of English History: n Bongcr History 
of England. By C. S. Fe.vkka'sidi;, JI.A. Oxon., and A. 
Johnson Evan.s, M.A. Camh., B..A. Lond. With Dlap.s & Plans. 

Yoi,. I., to 1485. Voi,. in.. 1003 to 1711. Is. Cd. VoT,. II., 

1485 to 1G03. 4s. Gd. Vob. IV., 1714 to 1837. 4s. Gd. 

“It is written in ti clear nnd vigoroirs nlyfo. The facts nro admirably marsballed.” 
— M'rstmindfr Hcrinr. 
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BnaUsb Xanouaoe ant) Xttei'atnre. 


Matricnlation English ConrBe. By "W. H. Low, M.A. Lond., and 
John Briggs, M.A. Camb., P.Z.S. Second Edition. Ss. 6d. 

Contents : — Historical Sketch — Sounds and Symbols — Outlines of 
Accidence and Syntax — Common Errors — Analysis — Parsing — ^Tbo 
Word, the Sentence, the Paragraph — ^Punctuation — Kules for Com- 
position — Simple Narrative— Compound Nairative — Descriptive Com- 
position — The Abstract Theme — The Essay — Paraphrasing — ^Prdcis- 
Writing — Letter-Writing and Proof-Eeading — Index. 

“The matter is clearly nrr.anped, concisely and intelligently put, and marked by 
accurate BCliolarship and common sense.” — Guardian. 

“The book will prove distinctly usoful.” — School World. 

“ The chapters on precis writing and indexing are excellent.”- Westminster 
Itevioo. 

“ Candidates may take this book ns a trustworthy guide.” — Schoolmaster, 

“The chapter on prCcis-wiiting is unusually good.” — Educational Jfeios, 

“■\Ve can he.artily recommend this book. Particularly good is the chapter on 
prdcis-writing.” — J'racfical Teacher. 

Prdcis-Writing, Text-Book of. By T. C. JACKSON, B.A., LL.B. 
Lond., and John Bmggs, M.A. Camb., P.Z.S. 2s. 6d. 

{In preparation. 

The English Language : Its History and Structure. By W. H. Low, 
M.A. Lond. With Test QUESTIONS. Sixth Edition, Revised. 3s. 6d. 

“ A clear workmanlilce history of the English language done on sound principles." 
— Saturday Jteview. 

“The author deals very fully witli the source and growth of the language. The 
work is scholarly and accurate.” — Schoolmaster. 

“ It is in the best sense a scientific treatise. There is not a superfluous sentence.” 
— Edueational Eews. 


English Literature, The Tutorial History of. By A. J. Wyatt 
M.A. Lond. and Camb. Seeond Edition. 2s. Cd. 

“This is undoubtedly the best school history of literature that has yet come 
under our notice.” — Guardian, 

“ A very competent piece of worlouanship .” — Edueational News. 

"The scheme of the book is clear, proportional, and scientifio.”— Academy. 

" A sound and scbolarly work.” — St, James' Gazette. 

The Intermediate Text-Book of English Literature. By W. H. Low 
M.A. Lond., and A. J. Wyatt, M.A. Lond. and Camb. 6s. 6d. ’ 
“Really judicious in the selection of the details giTen.”— Saturday Eeview 
“This volume seems both well-informed and clearly written. Those who need 
a handbook of literature will not readily find a more workmanlike examnlo of 
this size and price.”— dournnf of Education. 

“The histoncal part is concise and clear, but the criticism is even more valuable 
and a number of illustrative extracts contribute a most useful feature to the volume. 
Sh exammation puiposes this volume ought to take high rank 
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jEnaHeb ClasBics. 


Bacon’s Essays, I. -XX. By A. F. Watt, M.A. Oxon. Is. 6d. 

Chaucer. — Prologue, Knight’s Tale. By A. J. Wxatt, II.A. Lend. 
With Glossary. 2s. Gd. Also separately, The Prologue, Is. 

“ Quite up to date. The Glossarj* is csccllent .” — Morning Post. 

Chaucer. — Prologue, Knn's Priest’s Tale. By A. J. Wxatt, M.A. 
With Glossary. 2s. Cd. 

Chaucer. — Prologue, Man of lawes Tale. Bj- A. J. Wxatt, M.A. 
With Glossary. 2s. Gd. 

Chaucer. — Prologue, Squire’s Tale . By A. J. WxATT, M.A. With 
Glossary. 2s. Gd. 

Dryden. — Essay of Dramatic Poesy. By W. H. Lotv, M.A. 3s. Gil. 
Dryden.— Defence of the Essay of Dramatic Poesy. By Axlen 
JLaaver, B.A. liOnd. and Camh. Is. Gd. 

Dryden.— Preface to the Eahles. By Aelex Matvee, B.A. Is. Gd. 
Johnson, — A Jonrney to the Western Islands of Scotland. ByE. J. 

Tuomas, Jl.A. St. Andrews, B.A. Lond. 2s. 6d. 
langland. — piers Plowman. Prologue and Passiis I.-TII., Text B. 
By J. F. Datis, D.Lit., M.A. Lond. 4s. Cd. 

Hilton. — Paradise Eegained. By A. J. WxATT, M.A. 2s. 6d. 

“The cotes are concise and to the point .” — Cambriftge Rcriew. 

Milton. — Samson Agonistes. By A. J. WxATT, M..‘i. 2s. Gd. 

“ A capital Introduction. The notes are excellent .” — Educational Times. 
Milton. — Sonnets. By W. F. Masom, M.A. Lond. and Camb. Is. Gd. 
Shakespeare. By Prof. AV. J. EoLriv, D.Litt. In 40 volumes. 


EichardlL 
Comedy of Errors 
Kerry Wives of Windsor 
Love's Labour’s Loet 
TwoGentlemen of Verona 
The Taming of the Shrew 
All’s Well ttat Ends WeU 
Measure for Measure 
Henry TV. Part I. 
Henry TV . Port H. 


2s. Gd. per A''olume. 
Henry V, 

Henry VL Part I. 
Henry VI. Part IT. 
Heiuy VT. Part HI. 
Eichard IIL 
Henry VLU. 

Eomeo and Juliet 
Macbeth 
Othello 
i Hamlet 


Cymbeline 

Coriolanus 

Antony and Cleopatra 
Timon of Athens 
Troilns and Cressida 
Pericles 

The Two Hoble Kinsmen 
Titns Androniens 
Venus and Adonis 
Sonnets 


Merchant of Venice 
Tempest 

Midsummer Night’s 
Bream 


2b. por A''olume. 

As You Like It 
Much Ado About Nothing 
Twelfth Night 
Winter's Tale 


King John 
King Lear 
Julius Caesar 


Shakespeare.— Heury VIII. By W. IT. Low, M.A. Lond. 2s. 
Spenser. — Faerie Queeae, Book I. With Inteobcction, FTotes, 
and Glossanx, by AA’’. H. Hill, M.A. Lond. 28. Gd. 
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TEB UXIVBRSITT TUTORIAL SERIES. 


pbilo0opb^. 

Etiics, ITannsl ot By J. S. Macs^'ZTE. Liti.I)., M- A., Professor of 
Logic and Pliilcsopliy in the University College of South UTales 
and Monmoatlishire. formerly Fellovr of Trinity Collide, Cam- 
hridge, Examiner in the Universities of Cambridge and Aberdeen. 
Eourifs Edition, enlarged. 63 . 6d. 

“ In •srriUna tHs booh Jlr. Mackenzie has pr»dacc>l an earnest and striking con- 
tribation to the ethical literature of the time.” — Hind. 

“This esc^'Cnt mantisL ’* — Iniemationcl Jo^.inial nf Ethics. 

“ITntten trith ladditjand an ohrious mastery of the irhole bearing of the subject-’* 

— Standard,. 

Logic, A hlantial of. By J. ‘Wei-tos’. M.A. Lond. and Camb., 
Profes.sor of Education in The Yorkshire College, Yictoria 
University. 2to1s. Yo!. I., iSwJifl E/itfon, S?. 6d. ; Yol. Il.jCs.fid. 

This hook emhraces all those portions of the snhjoct which are 
usually read, and renders rmnecessaiy the purchase of the nnmerons 
hooks' hitherto used. The relative importance of the sections is 
denoted hy variety of type, and a minimum course of reading is thus 
indicated.* 

Yol. I. contains the whole of Deductive Logic, except Fallacies, 
which are treated, with Inductive Fallacies, in Yol. II. 

“ A dear and compendious summary of tac vieirs of various thinkers on important 
ar t! doubtful johits .” — Jouninl of i.v/»;cnfion. 

“t;nu.?usijy ccrmplctc and reliable. The arrangenent of diririonsand sabdivisioiis 
isescelleni.** — S^hooininsifr. 

“ The mantial maybe safely rec'oniinendod-**—-.S</f/<‘^7ffw/c/ 

Psychology, A hlannai of. By G. F. Sxoxrr, 3r.A., LL.D., Follow 
of the British Academy, Professor of Logic and ilctaphysics in 
the University or St. Andrews, into Examiner in ilental and 
3Ionil Science in the University of London. Steond Edition, 
Rertsed and Enlarged. Ss. Gd. 

“It is unae.xssarT to spc-ik of this work eicept in terms of praise. There is a 
refrcihicg ateouce of sicttrliiaes? about the book.' and a clear desire manifested to 
help the student in the subject-'’ — Saturday lircinc. 

•• The 'cook is a model of laciiaraumcat. copious in its facts, and will 'oc invaluable 
to students of what is. .aldioucli one of the youngest,' perhaps the most interesting 
of the sdenocs.” — Critic. 

“The student’s task 'sill be much ligntcaed by the luci-iity of the style and the 
ntuncrous illustintive facte, sirich togeiher make 'the book lughly intmesting.” — 
Literary World. 

Psychology. The Groundwork of. Bv G. F. Stout, M.A., LL.D. 
4s. 6tl. 

“-VU students of philosophy, both beginners and those ■srho would describe them- 
selves as ‘ aivanced.’ will do'trell to ‘ read, mark, learn, and inwardly digest ’ this 
book.”— Or/brd Hayazine. 

“ This work can he recommended to the student as a good introduction ton some- 
what modem subject .” — Wettotincier Jteeieic. 
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jfrencb. 

Junior (or The Preceptors’) Prench Course. By E. WEEKLBr, M.A. 
Lond. and Camh., Professor of Pronch at University College, 
Nottingham. Second Edition. ‘2s. 6d. 

“The execution is distinctly an advance on similar courses."— Journal oj 
Education. 

“ A clear and satisfactory book on the elements of French Grammar. Tho use 
of tenses and irregular verbs are ■well treated, and the exorcises well chosen.”— 
Academy, 

The Matriculation French Course. By E. Weekley, M.A. Ss. 6d. 

“ Tlio rulcsare well expressed, the exercises appropriate, and the matter accurate 
andivell arranged.” — Guardian, 

The Tutorial French Accidence, By Eknest Weekley, M.A. 
With Exercises, P!iF.sagc3 for Translation into French, and a 
Chapter on Elementary Syntax. Third Edition. 3e. Cd. 

‘'■We can heartily recommend it.” — Schoolmaster. 

The Tutorial French Syntax. By Ernest Weekeey, M.A., and 
A. J. Wyatt, M.A. Lond. and Ciimh. With Exercises. 3s. 6d. 

“It is a decidedly good book and should have a ready sale.” — Guardian. 

“ Mr. 'Weekloy has produced a clear, full, and careful Grammar in the ‘ Tutorial 
French Accidence,’ and the companion volume of ‘ Syntax,’ by himself and Mr. 
■Wyatt, is worthy of it.”— ■S'ofunfni/ Rericio, 

The Tutorial French Grammar. Containing tho Accidence and tho 
Syntax in One Volume. Second Edition, 4s. Cd. Also the 
Exercises on the Accidence, Is. 6d. ; on tho Syntax, Is. 

French Prose Composition. By E. Weekxey, Sl.-i. 3s. Gd. 

“ The arrangement is ludd, tho rules clc.arly expressed, tlic suggestions really 
helpful, and the examples carefully dioscn."— Educational 'fimes. 

Jnnior (or The Preceptors’) French Eeader. By E. AVeekiey, M.A. 
Lond.andCamh. WithNotesandVocahulary. Second Edilion. Is.Od. 
"A very useful first reader with good vocabulary and sensible notes.” — School- 
master. 

French Prose Reader. Edited by S. Barlet, B. fes Sc., Examiner 
• to ,the College of Preceptors, and W. P. Masom, hi. A. Lond. 

and Camb. With Notes and Vowibulary. Third Edition. 2s. Gd. 
“Admirably chosen extracts. They are so selected as to bo thoroughly interesting 
and at the same time thoroughly illustrative of all that is best in French literature.” 
—School Government Chronicle. 

The hlntricnlation French Reader, Containing Prose, Verse, Notes, 
and Vocabulary, iiy J. A. Pekret, Ofiicier d’Ac.ademio, Uni- 
versity of Prance. 2s. Cd, 

Advanced French Reader. Edited by S. Barlet, B. es Sc., and 
W. P. Masqat, hi. A. Lond, and Gamh. Second Edition. 2s. Gd. 
“Chosen from a large range of good modem authors, the book provides exccUent 
practice in ‘ 'Gnscens.’ ” — Schoolmaster. 

Higher French Reader. Edited by Ernest Weekley, hi. A. Ss. Gd. 

“The passages ore well chosen, interesting in themselves, and representaUvo of 
the best contemporary stj'lists.”-Aro«m(jI of Education. 
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Xatiii anb (BreeU Classics, 

The editions of Latin and Greek OxASsrcs contained in tho TJNI- 
A’EitsiTr Tutorial Series are on the following plan ; — 

A short Introduction gives an account of the Author and his 
chief works, the circumstances under which he wrote, and his style, 
dialect, and metre, Avhero these call for notice. 

Tho Text is based on tho latest and host editions, and is clearly 
printed in large type. 

The distinctive feature of tho Notes is tho omission of parallel 
passages and controvci’sial discussions of diflicultics, and stress is 
laid on aU the imjjortant points of grammar and subject-matter. 
Information as to iieraons and places mentioned is grouped together 
in a Historical and GEOGiLAwncAL Index: by tliis means the 
expense of procuring a Classical Dictionary is rendered imncccssary. 

The standard of proficiency which tho learner is assumed to possess 
varies in this series according as tho classic dealt with is usually read 
by bcgiimcrs or by those who haA'o already made considerable progress. 
A complete list is given overleaf. 

Yocarularies, aiTungcd in order of tho text and interleaved witli 
UTiting paper, are issued, together with Test Papers, in tho caso of 
tho classics more commonly read by beginners ; the price is Is. or (in 
Eomo instances) Is. 6d, A detailed list can bo had on application. 

Caesar. — Gallic "War, Book I. By A. H. Allckoet, M.A. Oxon., and 
P. G. PlaistoWE, M.A. Lond. and Camb. Is. 6d. 

“A cle.arly printed test, a pood introduction, an exceUent set of note.s, and a 
historical and gcograi)hical index, make up a very good edition at a very small 
price.” — Schoolmnstcr. 

Cicero. — De Amioitia and De Senectute. By A. H. Allcroft, M.A. 
Oxon., and AY. P. Masom, M.A. Lond. and Camb. Is. fid. each. 
“Tho notes, although full, ate simple.” — EdiicatioiiaJ Times. 

Horace. — Odes, Books I. — III. By A. H. Allcroit, M.A. Oxbn., and 
B. J. Hatics, M.A. Loud, and Camb. Is. fid. each. 

“Notes which leave no difficulty unexphained.” — Schoolmaster. 

“The Notes (on Rook III.) are full and good, and nothing more can well be 
demanded of them.” — Journal of Education, 

Livy. — Book I. By A. H. Allcroft, M.A. Oxon., and AY. P. MasoJI, 
M.A. Lond. and Camb. Third Edition. 2s. fid. 

“Tho notes are concise, dweUing much on grammatical points and dealing with 
questionsofhistoryandarcha:olog)-inasimplchut iuterestingfashion.” — Education. 

Vergil. — Aeneid, Books I. — XII. By A. H. Allcroft, M.A. 

assisted by P. G. PLiUSIOWE, M.A., and others. Is. fid. each. 

Xenophon.— Anabasis, Book I. By A. H. Allcroft, M.A. Oxon., , 
and P. L. D. Biciiardson, B.A. Lond. Is. fid. 

“The notes are aU that could be desired.” — Schoolmaster. 
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E^^t^on 0 of 3Latfii anb (3tccF? Classics. 

(iKTItODUCTION, Tj:XT, AND NOTKS.) 


Ak'^chyitts — EumcnidcB, 3/6 ; 
Persao, 3/G; Promothou.a, 2/G; 
Scptcrn contra ThobM, 3/6. 
AmsTornANKS— llnnno, 3/6. 
Catsak— C ivil AVnr, Ilk. 1, 1/6 ; 
Gallic War, Ilka. 1, 2, 3, 4, 
5, 6, 7, (each) 1/6 ; Gallic AA'’ar, 
Ilk. 1, Cli. 1-29, 1/6; Gallic 
War, Bk. 7, Gh. 1-68, 1/6; 
Invaaion of Britain (IV. 20-V. 
23), 1/6. 

OiCKUo — Ad Atticnm, Bk. 4, 3/6; 
Do Amicitia, 1/6; Do Finibii.a, 
Bk. 1, 2/6; Do Finihus, Bk. 2, 
3/6; Do Ofliciis, Bk. 3, 3/6; 
Philippic II., 3/6; Pro Clnon- 
tio, 3/G; Pro Milono, 3/6 ; Pro 
Plancio, 3/6 ; Do Sonectnto, In 
Catilinfun 1., I’ro Archia, Pro 
Balbo, Pro llarcollo, (each 
Book) 1/6. 

DKMOsrnKNRS— Androtion, 4/6, 
EniuriDra— Alcestis, 2/6 ; Andro- 
macbe, 3/6 ; Bacchao, 3/6 ; 
Hecnba, 3/G ; Ilippolytus, 3/6; 
Iphigenia in T., 3/6 ; ilcdoa, 
3/6. 

nEiionoTUS— Bk. 3, 4/6 ; Bk. 4, 
Cli. 1-144, 4/6; Bk. 6, 2/6; 
Bk. 8, S/6. 

Homeu— Iliad, Bk. 24, 3/6; 
Odj’Esoy, Bks. 9, 10, 2/6; 
OdyBsoy, Bks. 11, 12, 2/6; 
Odyesej', Bka. 13, 14, 2/6; 
Odys.aoy, Bk. 17, 1/6. 

Hohace — E pifitles, 4/0 ; Epodes, 
1/6 ; Odes, 3/0 ; Odc.s, (each 
Book) 1/6; Satires, 4/6. 
ISOCUATJS— De Bigis, 2/6. 


JnVENATx— Satires, 1, 3, 4, 3/6; 
Satires, 8, 10, 13,2/6; Satires, 
11, 13, 14, 3/6. 

Livv— Bks. 1, 6, 21, 22, (each) 
2/6 ; Bks. 3, 6, 9, (each) 3/6 ; 
Bk.21,Ch.l-30, 1/6. 

LucrAN— Cljaron and Piscator, 
3/6; Charon, 1/6. 

Lysias— Eratosthenes and Ago- 
ratiis, 3/6. 

Nepos— Hannibal, Cato, Atticua, 

1 / 0 . 

Ovid— Fasti, Bka. 3,4, 2/6; Bks. 
5, 6, 3/6; Heroidos, 1, 5, 12, 
1/6; lletamorphoses, Bk. 1, 
1-150, 1/6, Bk. 3, 1-130, 1/6; 
Bks. 11, 13, 14, (each) 1/6; 
Tristia, Bk. 1, 3, (each) 1/6. 
Pr.ATO— Apology, Ton, Laches, 
Phacdo, (each) 3/6; Euthyphro 
and Monexonns, 4/6. 
Saeeest— Catiline, 1/6. 
SornoCLES— A j.ax, 3/6 ; Anti- 
gone, 2/6 ; Electra, 3/6. 
TACITDS — Agricola, 2/6; Annals, 
Bk. 1, 3/6; Bk. 2, 2/6; His- 
tories. Bk. 1, 3/6; Bk.3,3/6. 
Tekenci-: — Adelphi, 3/6. 
Thocyeides— Bk. 7, 3/6. 
Veuoit, — Aoneid, Books 1-12, 
(each) 1/6; Eclogues, 3/6; 
Georgies, Bks. 1, 2,3/6; 1, 4, 
3/6. 

XENornoN — Anabasis, Bk. 1, 1/6, 
Bk. 4, 1/6; CjTopaedoia, Bk. 
1, 1/6 : llellonica, Bk. 3, 1/6 ; 
Bk.4, 1/6; Memorabilia, Bk. 1, 
3/6; Oeconoraious, 4/6. 


A detaUed ftilalnpiic of Ihr nhnrc can he ohtained on application. 
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TEE UEirEESITY TUTOIilAL SEMES. 


CBieeft anb Xatin. 

Gbammabs and Readbiis. 

Advanced Greek TTnseens. Second Edition, Enlarged. 3s. 6d. 

The Tutorial Greek Reader. With Yocabuiabies. By A. Waugh 
Young, M.A. Bond. Second Edition, Enlarged. 2s. 6d. 

Junior (orThePreceptors’)IatinCoTirBe. ByB.J. Hates, M.A. 2s.6d. 

A good pr-ictical gsiidc. Tho principles are sound, nnd the rules are clearly 
stated.” — Educational Times. 

The Tutorial Latin Grammar. By B. J. Hates, M.A. Bond, and 
Camb., and W. F. Masom, M.A. Bond, and Camb. 3s. 6d. 

It is accurate nnd full -without being overloaded with detail. Tested in respect 
of any of tho crucial points, it comes wcU out of the oricaV’—Schoolmaster. 

The Tutorial Latin Grammar, Exercises and Test Questions on. By 
F. B. D. Richabuson, B.A. Bond., and A. E. W. hJazel, 
BB.D., M.A., B.C.B. Is. 6d. 

“This will he found very useful by students preparing for University examina- 
tions.”— Vest minster Jtcoiew. 

Latin Composition. AVith copious Exebcises. By A. H. rVXECKOIT, 
INI. A. Oxon., and J. H. Hatdon, M.A. Bond, nnd Camb. 
Eifth Edition, revised. 2s. 6d. 

“ Simplicity of statement nnd arrangement: apt examples illustratingcaohrule; 
exceptions to these adroitly stated just at tho proper place and time, ore among some 
of the striking characteristics of this excellent hook.” — Schoolmaster. 

Junior (or The Preceptors’) Latin Reader, ByE. J. G. FOESE, M.A. 
Bond, and Camb. Is. 6d. 

“A well graded nnd carefully thought-out scries of Latin selections. The 
vocabulary is worthy of very high praise.” — Educational E'ews. 

Matriculation Selections from Latin Authors. With Introduction, 
Notc.s, and Vocabulary, Edited bj”^ A. F. Watt, M.A. Oxon., 
and B. J. HATES, M.A. Bond, and Camb. 2s. 6d. ' 

Provides practice in reading Batin in preparation for Examination's 
for which no classics arc prescribed. 

“ It is quite an interesting selection, and well done.”— NcAoof World. 

“ The selection is a good oue, and tho notes arc brief and to the purpose.” — 
Journal of Education. 

“ Well conceived and well carried out.” — Guardian. • 

The Tutorial Latin Reader. With Yocabolabt. 2s. 6d. ' 

“ A soundly practical work.” — Guardian. 

Advanced Latin Unseens. Being a Higher Batin Reader. Edited 'by 
H. J. M^udment, M.A., nnd T. R. Mills, M.A. 3s. 6d. 

“ Contains some good passages, which have been selected from a -wider field than 
that previously explored by simil.ar manuals.” — Camhridffe Ecciew. 

The Tutorial Latin Dictionary. By F. G. Plmstoive, M.A. Bond, 
•and Camb., late Fellow of Queens’ College, C.ambridgo, 6s. 6d. 

“A good specimen of clemCDtary dictionary-making.” — Educational I'imcs. 

“A sound school dictionary.”— NpcaA'cr, 
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IRoman ant) 6reeU 

The Tutorial History of Home. (To 14 A.D.) By A. H. Allcrofx, 
M.A.Oxon.,andW. F.IilASOMjM.A.Lond. With Maps. 3s. Gd. 

“ It is well and clearly written.” — Saturday Review. 

“ A distinctly Rood bool:, full, clear, and aeciirato. The narrative is throughout 
lucid and intelligihlc; there are no wasted words, and no obsomities, and the 
authors have taken obvious pains to bring their facte up to date.” — Guardian. 

The Tutorial History of Greece. (To 323 B.C.) By Prof. W. J. 
WOODHOUSE, M.A. Oxon. 3s. 6d. 

“Prof. tVoodhouso is exceptionally well quaiifiod to write a history of Greece, 
and ho has done it well .” — Schnol Il'orld. 

A Longer History of Home. By A. H. Alecuoft, M.A. Oxon., 
and others (each volume contains an account of the Literatiu’e of 
the Period) — 

390—202 B.C. 38. 6d. 78—31 B.C. 3s. 6d. 

202—133 B.C. 3s. Gd. 44 B.C.— 138 a.B. 3s. 6d. 

133—78 B.C. 3s. Gd. 

“ 'Written in a clear and direct style. Its authors show a thorough acquaintance 
with their authorities, and have also used the works of modera historians to good 
cScct."— Journal of Education. 

A Longer History of Greece. By A. H. Alecropc, M.A. Oxon. 
(each volume contains an account of the Liter.ature of the 
Period) — 

To 495 B.C. 3s. 6d. '404— 362 B.C. 3s. 6d. 

495— 431 B.C. 3s. Gd. 362-323 B.C. 3s. Gd. 

440— 404 B.C. 3s. Gd. Sicily, 491 — 289 B.C. 3s. Gd. 

“For those who require a knowledge of the period (to 495 e.c.) no bettor book 
• could be recommended ." — Educational Times. 


XTbe Xlintvefsitg Couresponbent 

UNIVERSITY CORRESPONDENCE COLLEGE MAGAZINE 
. Issued on the Ist and 16th of each month. Price Id., hy Postlgd. : 

. Half-yearly Suhscription, Is. Gd,; Yearly Subscription, 2s. Gd. 


B£aimuation 5)ivectoi*ies» 

Katriculation Directory, with Full Answers to the Examination 
Papers. Tuhlishcd during the forUiiqht foUoioing each Examination. 
Nos. YI., vn., IX., XL— XIX., XXI., XXm., XXIX., 
XXX., XXXI., XXXII., xxxm., xxxv., xxxvir.. 
Is. each, net. No. XXXVIII. (September 1904), Is. net. 
Issues not mentioned above are out of print. 






^be ©rganlseb Science Series: 

FOR THE SOUTH KENSINGTON 

BOAED OF EDUCATION EXAMINATIONS. 


Gkneiiai. UniTon— "Wir. BRIGGS, LX.B., JUVi, F.O.S., B.R.A.S., 
Honornry Associate of Science of the Yorkshire College, Victoria Univorsity 


FOR THE FIRST STAGE. 

I. First Stage Practical Plano and Solid Geometry. Second 
Edition. 2b. 

III. First Stage Building Construction. Second Edition, Eevhed 
and Enlarged. 2s. 6d. 

V. First Stage Mathematics (Euclid and Algebra). 23. 

VI. A. First Stage Mechanics of Solids. Fourth Edition. .2s. 

VI.B. First Stage Mechanics of Fluids. Second Edition. 2s. 

VIU. First Stage Bound, Light, and Meat. 2s. 

IX. First Stage Magnetism and Electricity. Revised Edition. 2s. . 

X. First Stage Inorganic Chemistry (Theoretic J). 2s. 

XVI 1. First Stage Botany. Second Edition. 2s. 

XXn. First Stage Steam. 2s. 

XXIII. First Stage Physiography. 2s. 

XXV. First Stage Hygiene. Second Edition. 2s. 

XI. First Stage Organic Chemistry, Theoretical. \^In preparation. 

X.B. First Stage Inorganic Chemistry (Practical). Second Ed. Is. . 
XI.F. Practical Organic Chemistry. Is. 6d. 

FOR THE SECOND STAGE. 

V. Second Stage Mathematics (being the additional Algebra and 
Euclid, with the Trigonometry required.) Third Edition. 
3s. 6d. 

VI. A. Second Stage Mechanics (Solids), or Advanced. 'Third Edition, 
Revised and Enlarged. ■ ' 'Poxt I. Dtnamics. . Part II. 
Statics. Sb. 6d. each Volume. 

Vin.C. Second Stage Heat, or Advanced. Third Edition. 3s. 6d. 

IX. Second Stage Magnetism and Electricity. Second Edition. ' 
3s.6d. 

X. Second Stage TnorganicChemistry (Theoretical), or Advanced. 
Second Edition, 3s. 6d. 

XVII. Second Stage Botany. 3s. 6d'. 

XX. and XXI.B. Modem Navigation. (For tire First and Second Stages.) 
6s. 6d. 

XXy. Second Stage Hygiene, or Advanced; 3s. 6d. 

X. p. Second Stage Inorganic Chemistry (Practical). 2s. 

XI. p. Practical Organic Chemistry, la. 6d. 


LONDON: W. B. CLIVE, 157 DRURY LANE, W.G, 



, ZTbe 'Triniv.€i* 6 U\) TTutoiial , Senee. . 


• INTERMEDIATE ARTS. 

Algebra, The Tutorial,' Advanced Cdhree. By Wsr' Bkiggp, LL.I)., 

- M.A.,P.B.A.S:,;nnd;G, H. BiiTAN,' Sc;D., M.A., F.ll.S. Os. Gd. 

' Arithmetic, The Tutorial. By W.,P. WoiiKMAN, M. A., B. Sc., Hcad- 
; master of Kingawood School, Bath. $Sccoiid Jidifion. 4s. 6d. . 

, English Literature, The -Intermediate Text-Book ' of. By "W. H. 

. Low;'M.A;; Lond., and A.'J. WtaTT, M.A. Bond, and Camh. 

■ . 6s. 6d.' • • ■ ■ . , , 

Euclid. — V.„VI;,XI/ByBGrF,itTDE.\TaN,iir.A.Lond.andOxon. Is.Gd. 

: French. Grammar, Aho Tutorial. By EltNEST "VVEEKMr, MA. 
Bond, and 'C’anib., and A. J.- AVvatt, 5BA. Bond.' and Camh. 

‘ 4s. ,’6d. r . ' ■ ' ' ■ . - . ■ , ' \ 

French Prose . Composition. By Eknicst AVeekley, M.A. Bond. 

and Cnnih. Second Edition. '3s. 6d. Key, 2s. Gd. net. ' 

French Reader,, Advanced; Bj- S. Baelet, B. cs Sc., and AV- b’- 
. SB^SOM,' ABAvBond. .and Cainb. ■ 2s.’ Gd. . ' . ' ' ' 

Graphs : The dxajihical Kcj>resentalion of Algebraic Functions. By 
' C. TB'Fr.EKCir,- MiA., and G. Osboen, id.A. Gd. ; cloth, 9di’ 

Greece, The Tutorial Histoi-y. of, to 323 b.c. By , Prof. A\B J. 

; AFoobDOESE, M.A. 0.von. 3.s.,6d. . . ' 

Latin Composition.. By A. II;. AEtCKOFT, M.A. Oxon., and .T. H.' 

: -'IlATDON, Jr.A. Bond, and, Gamb. ■ ' AA’'ith Copious • Exorcises. 
Eifih Edition, rerised. , 28.- Gd. -IvKY, 2s. Gd. net. 

La tin Grammar; The Tutorial. By B. J, IlATEB, M.A. Bond, and 
Camb., and' AA’'. F. Masoji, -M.A.' Bond, and . Camh. Eouyth 
Edition. 3s. 6d;.^ •• , • - . ' ■ • ' 

. Logic, A Manual of.- By J. AA'eltox, M.A. Bond. andCainb. A’Ol.'T; 

, Second Edition. 8s. Gd. A'ol. II. Gs.'Gd. ' ■ , . ’ 

.‘-Mensuration and Spherical Geometry : -being Mensuration of the 
Simpler Figures and Gconictiiral Properties of, the Sphere. , By 
AA'Jt. Bbtggs; BB.D.,M.A., F.IBA.S., and T. 'AV. Ediiondsok, 
: ■ ■.Ph;D.,-M.A. . r/ardFrfi7io;i. Ss. Gd.' - ■, . • ; 

..Rome, The' Tutorial History of, to 14 a.b. By A. IT. Ai.ECROFT, 
,. M.A. Oxon., and AA’’. E. AIasom,- M.A. Bond, and Camh. 

' Second' Edition. , 3s. Gd. ' - , ' : ' . - ' 

.Trigonometry, The Tutorial," llv .AFjt. , Briggs, BB.i);, M.A., 

, : . F;B;A;S;, aid G, H..BRYAK, Sc.D;, M.A.; E.E.S. 3s. Gd; 

^ufortetf (lf?re00 
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viSbe triiu\)ei‘5it^ ^Tutbrial Seines. : 

-.V/' . . 

',, - . BOOKS SUITABLE FOR THE ' ' 

■INTER. SCIENCE AND PREL. -SCl/(M.B.) 

• EXAMS. OF LONDON UNIVERSITY. 

Algebra, The Tutorial; Advanced Course. By Wjr. BnfQGS, 
LL.D., 31. A.; E.R.A.S., .and G. H. Bui'AK, Sc.D., 3LA;. 

E. R.S. 6s. 6d. ■ ■ ■ . 

Arithmetic, The Tutorial. By W. P. WouK.u.tN’, il.A., B.Sc., 
Headmaster of Kingawood School, Bath. Second Edilim. . 4s. 6d. 
Botany, Text-Book of.. By, J.’ 31. -LoysON', JI.A., B.Sc. Third 
Edition, 6s. 6d, 

Carbon Compounds, An Introduction , to;. Being the Carbon Com- 
pounds rec|U)red for the Inter. Science Examination. Bv 
R. n. Adie, 3LA., B.Sc. 2s. 8d. 

Chemical Analysis : Qualitative and Quantitative.. 3s; 6d. ' 
Chemistry, The Tutorial. By G. Hi 'B.tiLFA', D.Sc. Bond., Ph.D. 
Heidelberg. Edited by Wji. .BiiiGGS, LL.D., 3r.A., P.O.S. . 
Part I. Kon-31eta1.s. Part 11. Metals. 3s. Cd. each. .. ■ - ' . 
Dynamics, The Tutorial. , By \Vm. BnroGS, LL.l)., 31. A., T.R.A.S.i 
and G. II. But.tN; Sc.D., F.E.S. - Second Edition (Revi.sed and 
Enlarged). 3s. 6d. • 

Euclid, Books Y., VI,, XI. By RppJvBT DF-tKilf, ■ 31-4. Bond, 
and O.xon. With Problems in Practical Geometry.- Is. 6d. - ■- 
Graphs: The Graphical Repfescnlntion of Algebraic .’P.unctions; ' By ’ 
C. H, PiiENCit, 3L.4., and G. OsB0US’,"3[.A;''' 6d. . , ■ 

Heat, Higher Text-Book of. By R. 3V. Ste\vaiit,,I);Sc. Lond. 6s. 6d. 
Light, Text-Book of. By R' W. STEtVART,"l>.Sc. Lond.' Third 
Edition. 38. 6d. ■ 

Blagnetism and Electricity,. Higher Text-Book of. By R.'. W. 

Stewakt, D.Sc. Lond. • 6 b.' 6a. ' ' • • , ■ , 

Mensuration and Spherical Geometry. By'AVAL Briggs, ..LL.D., . 
3r.A., P.R.A.S., and ,T. W.. Edm'on’DSOn, B.A., PhlD. -TKird 
Edition. 3s. 6d. . ■ ■■ . . 

Sound, Text-Book of. By 13.: Catciipool, B.Sc. Lond.- . Fourth' 
Edition. - 3s. 6d. . ' ’ ' . ■ ' 

Statics, The Tutorial. By Wai.- Briggs, LL.D., 3LA., F.R.A.S.; 
and.G.,H. BRYax, Sc.D,, F.R.S. Third' Edition (Revised and 
Enlarged). 3s. 6d. - ■ ' 

Trigonometry, The Tutorial. By Wn. Briggs, LL.D., M.A., ' 

F. R.A.S., and G. II. BiiYAir, Sc.D., 31. A., F.R.S. 3s. 6d. 
Zoology, Text-Book of. By H. G. WELLS, B.S.c. Enlarged arid. 

revised bj' A. 31. D.ATXES, B.Sc. 6s. 6d.' . , 
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